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ILLUMINATING GAS AND AMMONIA 


r»y Otto Pfkifit-’.k, PhJ)., Cliemisl to the City Chts and Waterworks, r^Iagdeburgw 
Englisli translation revised by flAioTJiik Colman, D.Sc*, PIlD., forgierly Chief 
Chemiat to the Ccjrporation iias IJeparinient, Ihrmingham. ^ 

Introductio0.~The subdivision of the technical methods of 
chemical analyses pertaining to processes of ggs manufacture naturally 
dq>cnds on the sequence of the different portions of gasworks plant 
In coal gas manufacture, retort-house worWng renders an exaftnina- 
tion ofiihe fuel required for heating purposes necessary, whether it be 
in the form of coal or coke, in direct firing, or whether it be burnt 
indirectly, that is, after conversion into producer gas. 

Besides ascertaining the calorific value of the fuel, which is of prime 
importance, it is necessary for the proper regulation of the retort 
furnaces to obtain information as to the temperatures im the combustion 
diambers, retorts, *and flues. These temperatures afford information, 
on the one hand, concerning the uniformity of heat distribution and 
also its intensity and constancy, and, on the other hand, when taken 
in conjunction with the analysis of the waste gases, concerning the loss 
of heat resulting from the escaping main flue gases. The regulation 
of dampers, and the measurement of draught in the various flues and 
other parts of the retort setting, are also subjects for consideration. 

As raw material, the Gas Coal subjected to destructive distillation is 
naturally of the greatest importance. Though many useful data for 
judging its gas -making value are doubtless afforded by complete 
analysis, it is nevertheless necessary to have recourse to practical tests 
in order to arrive at reliable conclusions. The examination of benzol 
and of carburinc for carburetting at ordinary temperatures, and of gas 
oils for enriching water g^s at high temperatures, is also of value. 

The Compositmi of the Gas is a subject ofrinvestigation from various 
points of view. In the first place, gas analysis is very helpful in regula- 
ting the working of the retort setting, in that the producer gases, as well . 
as their products of combustion, require to be studied on the lines 
suggested* The manufactured gases to be considered are : — Coal 
gas (crude gaif^and town gas), wood and peat gas, oil gas, water 
II 
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gas Jbiue gas and carburetted water gas), and mixed gas (Duwson 

gas, etc.). . I 

Rurified Gases of Ma7iufactiire nlay be submitted to one general 
method of analysis. Certain impurities which have to be estimated in 
crude gas by special mecWis, are determined the same methods also 

in towdi gas. • 

la addition to the analysis of gas, the calorific value, specific gravhy,* 
and illuminating powej have to be ascertained. * 

#i^s a by-product of gas manufacture, Spent Oxide is of considerable 
value as a saleable article, since it contains not only sulphur, but also 
compounds of cyanogen and ammonia, and, therefore, the {icrccntagc.s 
'of these constituents have often to be ascertained. Periodical analyses 
of ks coiTiposition are also of value for the control of the purif}dng plant, 
as it enables the action of the material in the purifier boxes to be more 
closely watched. New oxide should be examined for its content of 
active ferric hydroxide, its absorptive power for sulphuretted hydrogen, 
and its density. • 

jregards Gas LiqyiOr^ the specific gravity and ammonia content 
are the more important data to be ascertained. In rare instances an 
analysis of the acid constituents may be desirable. The analysi.s of gas 
liquor bears on the working up of this by-product for ammonia and 
ammonia salts, the production of which is often undertaken in the 
larger gas works. In the manufacture of ammonia by heating the liquor 
with lime, it is ngeessary to analyse the quicklime used, to ascertain how 
much must be added to the liquor. The finished ammonia liquor must 
be tested for strength as well as for purity, and this applies also to salts 
of ammonia. 

The analysis of Coke is carried out by the methods applicable to 
other fuels. 

The examination of Tar is dealt with in a separate section (this 
Vol., pp. 750 to 844). 

This list by no means embraces all the chemical tests appertaining 
to gas manufacture. It is intended to serve merely as a guide to the 
routine of work that is required. 

L— WORKING OF RETORT SETTINGS 

In modern coal gas manufacture, two met|jods of heating the retort 
settings are in use, namely: (i) Direct fired settings; (2) Generator 
settings, in which the solid fuel is first converted into generator or 
^ producer gas, the latter being burnt in the setting by the admission of 
a secondary supply of air. In most cases the gas^^fired settings are 
also provided with a regenerator, in which a large proportion ofihe heat 
of the waste gases is recovered by transferring it to tfii^ secondary air 
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on its way into the setting. In the great majority of cases a separate 
generator is provided for each bed of retorts, but in som.e works the 
generator is made large enouf^'h'to supply sufficient gas for 'the heelfing 
of from two to four beds, and in a few large works outside producers 
are employed, of sufj^cient size for heating t^e whole of the beds in the 
retort house. ^ ^ 

The fuel employed is- almost invariably the coke draivn from the 
retorts. The methods of carrying out the elementary 3 .?falysis*of coke, 
and for the determination of its calorific power, are described tuider 
Fuer^ in Vol. I., p. 241. 

The direct fired settings, in which the coke is burnt on the furnace 
hearth with a sufficient supply of air to effect complete combustion, ar^ 
still employed in many of the smaller and some of the larger wqj^ks, 
but are being steadily replaced by some form of generator setting, on 
account of the great economy of fuel effected by the latter, and of the 
higher and more regular temperatures which can be obtained. With 
tl^p direct fired settings the whole of the heat due to the combination 
of the oxygen of the air with the carbon and hydrogen of the fuel^takes 
place in the furnace itself, and the heating of the setting is efected 
solely by the sensible heat of the products of combustion ; in order to 
heat the setting throughout, it is necessary that these should still have a 
high temperature at the extreme end, and they, therefore, leave the 
setting and pass away to the chimney still very hot, and the heat 
remaining ‘in them is wasted. Hence, the amount of fuel used with a 
direct fired setting»amounts to from 25 to 30 parts of coke per 100 parts 
of coal carbonised. With such settings very little assistance in working 
can be obtained from analyses of the waste gases, good results being 
mainly dependent upon proper attention being paid to ^he furnace by 
the fireman. 

In the generator settings, the general object in view is the production 
in the generator of a sufficient quantity of generator or producer gas 
for the proper heating of the retorts by the admission of limited 
quantities of air (primary air) and steam below the fire bars in the 
generator, the producer gas being then completely burnt within the 
setting by the admission of a secondary supply of air, the amount of 
which is regulated as nearly as practicable to the quantity just necessary 
to effect the complete combustion of the furnace gas. It is also 
important that the whole of the furnace gas and secondary air should 
not combine immediately at the point at jvhich the two streams mix, 
but rather that these should flow side by side for some distance, and 
slowly undergo combustion, so that the heat of combination may be 
evolved gradually as the gases pass along the setting, thus heating the* 
latter as nearly as possible to a uniform temperature. Combustion 
should, howev«i», be complete before the gases reach the end of their 
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course within the setting, and pass to the chimney culm the 
regenerator flues. Too rapid mixing of the furnace gas and sccuudaiy 
alr'lat an oa'rly stage results in the prediction of too high Icrnpeiatutes 
. at this point and too low temperatures farther on, which is nut only 
detrimental to good carbonisation, but may ^also^. cause vciy seiious 
damage to the brickwork at the first point. 

A. TtfE Ana>:Ysis of Furnace and Waste Gases 

The experienced observer is able to judge with a considciablc 
degree of accuracy how far the heating of the setting is pnceeding in 
B satisfactory manner, by inspection of the retort tcmpcralurcs, and 
thoise wiliiin the setting and flues, as estimated by the eye Ihiough the 
sight holes provided, and to adjust the dam])ers and the ijrimary and 
secondary air slides so as to give a proper production of furnace gas, 
and to avoid any large excess or deficiency of secondary air. The 
exact regulation can, hUwever, only be obtained by combining such 
observation with the information obtained from the ana!j\sis 
of the furnace and waste gases; such analyses arc especially of 
value in obtaining a low fuel consumption and in the detectinn of 
leakage of air into the flues owing to the development of cracks or 
faulty joints. 

I, Furnace Gases. — The furnace gas, formed by the admission of 
limited quantities of air (primary air) and steam below the fire bars of 
the generator, consists of a mixture of small quantities of carbon 
dioxide, with larger amounts of carbon monoxide and hydrogen, together 
with all the nitrogen of the primary air. In addition, small quantities 
of methane (o-«; to 2-o per cent) are usually present, but it is, as a rule, 
hardly necessary to ascertain the quantity of this constituent for the 
^ purpose of controlling the heating of the setting. The amount of 
hydrogen varies considerably, according to the quantity of steam 
evaporated, from the water contained in the ash pan and from that 
dropped on to the fire bars to keep them cool and prevent their burning 
through. In some cases steam under pressure is also blown in beneath 
the fire bars, and a larger percentage of hydrogen and a lower percentage 
of nitrogen is then present in the gas. 

For the collection of the samples, Pfeiffer employs a J-inch iron pipe 
about a yard in length, in which is placed a porcelain tube (No, 2008, 

^ Royal Berlin Porcelain Factory), the latter passing through a cork at 
one end of the iron tube. The open end of the latter is placed in the 
furnace, and the porcelain tube then pushed through the cork until the 
end projects info the fuel, the gas sample being then aspirated through 

the tube either into the gas analysis burette direct or into sami>1e 
. tubes or bottles. 
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The methods of analysis employed are described in the section on 
Technical Gas Analysis ” (Vol. L, pp. 189 et seq), the Hempel, Orsat, or 
Bunte apparatus being .mostly"^ employed. Pfeiffer prefers tg estictfkfe 
the carbon monoxide by combustion and not by absorption with cuprous 
chloride, the gas aftqf removal of carbon dioxide being mixed with a 
sufficient excess of air anS passed over heated palladium asbestos; the 
contraction of volume multiplied by two-thirds gives the volume of 
hydrogen present, that of carbon monoxide being sub'^^uently ascer- 
tained by absorption of the carbon dioxide produced, with potassium 
hydroxide. 

The calculation of the calorific value of the furnace gas may be 
made according to the general rules for the calculation of this valuer 
from the analytical results (p. 694). For ordinary purpc^ses it is 
sufficient to multiply the combined percentages of hydrogen and carbon 
monoxide by 3-45 to obtain the gross value in British Thermal Units 
per cubic foot of the dry gas at 32° F. and 30 in. pressure, or by 30*6 
to^obtain the gross value in calories per cubic^ metre at o°C and 760 
mm. pressure. ^ ^ 

Thu§, the gross calorific power of a furnace gas containing 24*5 per 
cent, of CO and 17-2 per cent, of Hg is approximately : — 

(24.5 + 17.2) X 3.45 = 137.6 B.Th.U. per cubic foot 
or (24.3 + 17.2) X 30.6 “ 1276 Cal. per cubic metre. 


• The percentage of carbon dioxide in the furnace gas should not 
exceed about 6 per cent, in good working. Should a high percentage 
be found, together with a high percentage of nitrogen, it usually 
indicates leakage of air into the generator above the fisel bed, owing 
either to insufficient tightness of the generator-charging door, or to 
leakages in the brickwork. 

2. Waste Gases — The collection and analysis of the waste gases is 
carried out in a similar manner to that of the furnace gases, and for 
practical purposes it is only necessary to determine the amounts of 
carbon dioxide, oxygen, and carbon monoxide. If carbon monoxide be 
present, small quantities of hydrogen are also contained in the gas,*but 
the amount is rarely sufficient to make its estimation worth while. 
Unless the percentage of oxygen found is very small, it is unnecessary 
to test for either carbon monoxide or hydrogen. 

From the analysis of such samples the secondary air slides can be 
regulated to supply just sufficient oxygen to effect the complete com- 
bustion of the furnace gas, and in addition, by the analysis of samples 
taken simultaneously at different points in the regenerator, shorf • 
circuiting of the air from the secondary air flues into the waste gas 
passages owin^^to cracks or faulty joints, may be detected. This is 
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exemplified in the following series of analyses of samples taken fnnn a 
bed of retorts which had been at work for a long time : — 



COo. 

CO, 


1. Around retorts (a) 

2 . „ (ft) . . 

3. Entrance tp ^'St flue . 

4 . ’ 5 , ^ 2 nd „ r.. 

3 rd „ 

6 . „ 4th „ . 

7. Chimney gases . 

Per cent. 
18*5 

19*4 

19-3 

18-4 

14-0 

7*2 

7-2 

Per cent. * 

2-7 

0-6 

Per cejit, IVr (“iqit. 

1*4 

O'S 

1 0*3 

... i Oi) 

r>*4 
13*0 
j 13*2 

' 1 


Jn this instance the combustion was completed with a slight excess 
of oxygen at the beginning of the regenerator, but in passing thnnigh 
the successive flues a very large amount of air leaked into the waste 
gases, chiefly between the fourth and sixth points at which the samples 
were taken. 

When it is only desired to determine the “neutral ;'one” of com- 
bustion, i.e., the point at which free oxygen finst appears in thg mixed 
gases, a quantitative examination is unnecessary, as this may b<; quickly 
ascertained by a simple apparatus devised by Pfeiffer.' This consist.s 
of a calcium chloride tube about 30 c.c. in length, in which arc placed a 
few thin sticks of yellow phosphorus, about 1 5 c.c. long 
(Fig. 89). The lower end is closed with a cork fitted 
with a doubly bent glass tube, and Pne whole is placet! 
in a jar containing sufficient water to cover the pho.s. 
phorus and prevent its oxidation by the air. 

To use the apparatus, the tube containing the pho.s- 
phorus is lifted out of the jar and the water allowed to 
drain out ; the bent glass tube is then connected to the 
porcelain tube through which the sample i.5 drawn from 
the flues, the upper end to a! rubber aspirator, and the 
tube then replaced in the water to protect it from the 
heat radiated from the setting. The temircraturc of the 
water must not fall below 1 5°, as phosphorus does not 
combine with oxygen below this temperature. The 
flues are then tested in order from top to bottom, and 
oxygen is present, in appreciable quantity 
thick white fumes of phosphon^i oxides are formed. A slight mi.st i.s 
formed at each suction stroke of the aspirator, due to the deposition of 
__ moisture owing to the cooling of the gas by expansion, but this h 
quite distinct in appearance from the phosphorus fumes and cannot be 





V- GashdeuchU^ 1898, 41^ 605, 
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In taking the samples of the furnace and waste gases, "great care 
is necessary to ensure that they are collected at such times as the setting 
is working under normal conditions. If, for example, the 'samples ^re 
taken at a period shortly before the furnace is due for clifTkering, an 
excess of oxygen will most probably be found in the waste gases, as, 
owing to the accumulaticfn of clinker, the gas production is then below 
the average, and vice virsa^ just after clinkering, an excess of carbon 
monoxide is usually foujid in the waste gases, owing to.the gas produc- 
tion being above the normal. Any adjustment of the secondary air 
slides based on such analyses would in either case result in a wrbng 
proportion of secondary air for the conditions prevailing over much the 
greatest period of time. Samples should, therefore, not betaken for contro^ 
purposes either too soon before or after clinkering, and further, when 
excess of oxygen is found in the waste gases, it is always advisable 
to make certain that this excess is not a temporary one caused by 
negligent handling of the furnace, such as insufficient care in keeping 
the clinker from collecting on the fire bars, ij/hich then obstructs the 
passage of the primary air and steam into the furnace, and lowers the 
gas production. For the purpose of cont^blling the secondary air 
supply ,*the samples of waste gases must be taken before the regenerator, 
as samples taken after the latter are apt to contain additional quantities 
of air owing to the above-mentioned short-circuiting in the regenerator ; 
in such a case regulation of the secondary air slides to give a slight 
excess only of oxygen at that point, would result in a deficiency of air 
in the setting itself. * 

When any changes are made in the dampers or air slides, an 
interval should be allowed to elapse before any further tests are made, 
so as to give time for normal working to be attained under the altered 
conditions. This is especially the case with regard to the observation 
or determination of temperatures, which, owing to the large mass of 
brickwork in the setting, often take some hours to show any appreciable 
change. 

Further, while the analyses are of very great value when taken in 
combination with accurate observation of the working of the setting 
in other respects, it is to be remembered that the blind regulation «>f the 
air slides and dampers based on such analyses alone may be productive 
of much more harm than good. Thus, whilst analysis gives the 
composition of the furnace gas, it affords no indication of the quantity 
being produced, and if ftie quantity be either too small or too large, it 
is quite possible to adjust the secondary* air slides to give a good 
analysis of the waste gas ; but in the former case the retorts would 
not be properly heated, and in the latter great waste of fuel would 
occur. Again, although the proper amount of furnace gas may be 
produced, and, a good analysis of the waste gas obtained, the latter 
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only shoves that combustion is completed within the .settintj without 
undue excess of air, but gives no indication as to wliether the com- 
bustion is proceeding in the desired mangier, namely, gradually through- 
out the set-iing, or whether, owing to rapid mixing of the furnace gas 
and secondary air at an early stage, too great evolution of heal takes 
place at that point, resulthig in irregular hcatkig, and the development 
of “cutting” heats, which materially damage the brickwork. 'The 
gradual comibination of the gas depends less pn the compn.sition and 
proportibns of the gases than on the design of the setting, especially 
the-ananner in which the furnace ga.scs and secoiulary air impinge on 
each other at the point of mixing, and on the c.xtcnt to which the gas 
streams are bafHed in their onward passage. 


B. Temperature Measurement 

For the measurement of temperatures in the retort setting flues, and 
in the retorts themselves, many different fonn.s of j)3’romcttT are now 
available. These have already been described in V(d. I. (jrp. ly.pi.S^). 
The temperatures to be, measured vary from about lOtx) to i.)cK)'('. 
(1830° to 2550° F.) in the retort setting, and from 300 to 6 ck) C, (57(,)' 
to 1100° F.) at the chimney stack. 

In taking temperatures within the setting and fluc.s it i.s to be borne 
in mind that the different types of pyrometer will give different re.sult.s, 
according as they measure the temperature of the glowing brick- 
work or the teuiperature of the hot gases at that" puinC for, n.s 
the heating of the brickwork is affected by the fteat of the ga.sf.s* 
the temperature of the latter is always appreciably^ higher. Hence, 
the optical instruments, such as the Wanner and Ferj' pyrometens’ 
which record the temperature of the brickwork, give a somewhat 
lower result than the thermo-electric, electric resistance, or calorimetric 
pyrometers, which record the temperature of the gases. In t!)e interior 
of the retorts themselves, provided there is no draught of air through 
them, the temperature of the walls and of the ga.ses are in equilibrium, 
and the different types of pyrometers should give the same rc.su It. 

For the general determination of temperatures in the setting, when* 
these are always above a red heat, the optical pyromctcr.s arc the mo.st 
convenient, as no part of the instrument has to be placed witfiin the 

instrument has been recently 
- 1 H ^ thermopile and galvapometer are replaced by 

thJrthTwci'V graduated in such a manner 

that the furnace temperatures are read directly. This aomratiK f« 

e^ecially useful for places similar in character to the retort ^houic an 1 

«.lst .he results are pobahly not <,„i.e so eJe. afthl obtall^ 

Cambridge Scientific Instrument Co, 
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with the more expensive instrument, they are of quite sufificient 
accuracy for all ordinary purposes. 

For the flues, where lower temperatures prevail, the Le Chattier 
pyrometer (with the modification described by Pfeiffer, VolTl., p. 183) 
gives excellent results. For the temperature of the retorts, the F6ry 
pyrometer is also the ifiost convenient instrument, as it enables the 
temperatures of a large number of retorts to be taken ^^ry quickly. 
The Le Chatelier, Callendar, Wanner, and Siemens water p3q*ometer, 
and the Seger cones are, however, frequently employed. 

C Determination of Pressures , 

The measurement of pressure in the different parts of the^ettin^ is 
also of great assistance in regulating the working. Under normal 
conditions the draught steadily increases from the top of the retort 
setting to the chimney, and any sudden alteration, if found, indicates 
either a block in the flues between the two points where the 
alteration in pressure occurs, or the leakage of large quantities of air 
from the secondary air into the waste-gas flties. Which of fhe two 
alternatfves has actually occurred is determined by analysis of the gas 
at the same points as those at which the pressures are taken, as if the 
latter is the cause, a large increase will also be shown in the percentage 
of oxygen present 

The various instruments for pressure measurement are described in 
\JoI. L, pp. 165 to t72. ^ 

D. Fuel Consumption of Retort Settings 

• 

In ascertaining the exact fuel consumption, a figure often required 
for statistical purposes as well as in the trial of new settings, the total 
make of coke must also be determined. The test should extend over 
at least twenty-four hours. The coal used for charging the centre 
retorts, from which the fires are usually fed, is carefully weighed, the 
coke from two or three of these retorts discharged into a tared wagon, 
which is then closed to exclude air, and weighed. It is then tinly 
necessary to count the number of retort charges used for the fires, 
taking care also that the furnace is equally full both at the beginning 
and end of the test. 

Example , — Weight of charge: 336 lbs. of gas coal; total weight 
carbonised in twenty-four hours with a bed of 9 retorts, duration of 
charge being six hours: 9x24x336 ^ 6 = 12096 lbs. Yield of coke 
from 336 lbs. of coal: 231 lbs. = 68-8 per cent; fuel used under the- 
retorts: 6 retorts of coke. Thus, Fuel Consumption 336 x 0-688 
X 6 = 1390 Ib^^coke = 11-5 per cent 
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E. Loss OF Heat in Waste Gas (Bunte).’ 

►for every fuel, the percentage of carbon dioxide in the products of 
combustioh corresponds to a theoretical temperature ot coinbustiun 
which will be highest when just sufficient air is present to effect com- 
plete combustion, under*which conditions itic percentagt; of cariam 
dioxide in the waste gases is also at its maxinuun. This temperature is 
diminished by, excess of air, which at the same. time lowers the content 
of carbon dioxide of the waste gases, so that, in proportion tu the latter, 
thm-e is a corresponding definite initial temperature T. If the tempera- 
ture, if, of the waste gases be known, then the loss of heat through the 

stack = ;^X 100. In the following table the initial temperature.s iiave 

•U 

been calculated for carbon, but they can be applied also to coke firing. 
The figures are inaccurate, however, when the waste gas temperature 
exceeds 400°, and above this limit the calculated values arc onh* u.seltd 
for comparison. ^ , 


r 

CO 2 Content. 
Per cent. 

Initial 

Temperature. 
Degrees C. 

* Difference for 

0‘1 per cent. 
COo. 

CO.j Content. 
Per cent. 

Initial 

Tenijutiatnuh 
Ih'grtH’S 1'. 

1 intlerj n»‘i* fur 
‘ t’pni. 

1 t '< ».t, 

1 

141 

14 

11 

1190 

1 

2 

280 

14 

12 

lt520 

! 13 

3 

419 

14 

13 

1750 

13 

4 

557 

14 

14 i 

ISSO 

13 

5 

<^94 

14 

15 i 

2005 

' 12 

6 

830 

14 

16 i 

2^30 

12 • 

7 

967 

13 

17 1 

2255 

j 12 

8 

1096 

13 

18 

2375 

j 12 

9 

1229 

13 

19 

2500 

i 12 

10 

1360 

13 

20 

2625 

1 12 


For example, if the average amount of CO.^ in the chimney gase.s 
has been found to be 9-8 per cent, and the temperature 385 , the loss of 
heat is =: 3 j 5 ><ioo ^^g 

1334 


' II.— GAS-MAKING MATERIALS 

A. Gas Coal 

I. Chemical Valuation. A coal suitable for gas-making purposes 
should, in addition to yielding a large volume of gas of suitable 
illuminating and calorific power, yield a coke of saleable quality. Such 
^ eo e is only produced by those bituminous coals which become plastic 

vol 21, 62; and Uxa-putlh ffanMwh ettr iethmuhtn Chemit,^\h cd., 
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and semi-fused on heating, thus yielding, on further carbonisation, a 
coherent coke totally different in shape and structure from that of the 
original coal These coals are classed together under the general n^e 
of “ bituminous caking coals.” Non-caking coals are only use€ln excep- 
tional cases, such as t]ie employment of cannej coal where gas of very 
high illuminating power is desired, or where, owing to local conc^tions, 
such coals can be obtained at a price sufficiently below ^that of the 
caking coals to compensate for the lessened value of the c«ke produced. 

Elementary or Ultimate Analysis , — The methods of elementary 
analysis are described in the section on “ Fuel ” (Vol. L, pp. 242 et seql). 

It is very generally held, even by experts, that it is not possible 
to derive from the elementary analysis of coal any usefuf information as 
to its suitability for gas-making purposes, since the analyses^of cog.Is, 
even from one and the same seam, give figures varying between wide 
limits ; also it is regarded as quite impossible to arrive at a representa- 
tive sample by taking small quantities at a time. These objections 
largely disappear if, in the coal analyses, the figifres for moisture and ash 
are eliminated (which certainly vary in different parts of the same s^am), 
and only the remaining figures are taken into account — i.e.y the pure 
coal substance, according to its percentage content of carbon, hydrogen, 
and oxygen (+N + S). Analytical results referred in this way to a 
common basis of comparison show, as a matter of fact, very close con- 
cordance in the case of coals of the same origin, so that it is quite 
possible to judge of their general qualities as gas^ coals from the 
chemical composition. According to Bunte,^ who was the first to lay 
down these relations, the most important German gas coals have the 
following average composition : — 




• Per 100 parts of Coal substance. 



r 

Carbon. 

Hydrogen. 

Oxygen 

Ci-N+B). 

Westphalian gas coal , 

85-39 

5*44 

9-17 

Silesian 


84*80 

5*30 

9*90 

Saarbriick 

M » • 

84*45 

5*43 

10*12 

Bohemian 


82*65 

5*88 

11*47 

Saxon 

„ » 

82*38 

5*74 

11*88 


As a result of numerous gas-making tests on the coal-testing plant 
at La Villette Gas Wo^ks, Paris, Sainte-Claire Deville classifies all the 
coals suitable for gas-making into five groups, according to their oxygen 
content, the gradual diminution of which is intimately connected with 
the age of the coal. In the following tabular statement the numeroiis^ 
relations between the coals, thus classified according to -their composi- 


^ J, Gashkucht^ 1888 , 31 , 895 . 
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tion, and the make and quality of the gas produced by distillation, arc 
given, the figures being the average values of the tests made : — 



Typo 

L 

Typo 

IL 

Typo Typ*- 

in. i IV. 

i 

T,vp*i 

V. 

« 

f Oxygen 

5-50 

S‘66 

7-71 1 lO-lrj 

' u-ro 

100 parts of coal- J Hydrogen 

5-06 

,f*37 

5'-l0 ' 5-5M 


substance cor»tain 1 Carbon .... 

88-38 

S(.i-97 

s.5-sn Si-,'C 


« Nitrogen (approx.) 

* # 

1-00 

1-00 

1 ‘00 i 1 *00 

! I '00 

Moisture content of air-dried raw coal . 

2-17 

2*70 

3*81 i 4*3;# 

1 

; <M7 

Total weight of distillation products 

26-82 

31-50 

33-30 ' 37-.0! 

39-27 

,) ,1 coke 

73 -IS 

GS-*11 

[ 66*20 

1 

60*73 

• ^ 

Gas, per cent, by weight on coal-substance 

13*70 

15-08 

15-81 , MMll 

17*00 

Tar 

3-90 

4*65 

5*(}.S 1 .5 '1,8 

5 '59 

Virgin gas liquor 

4-58 

5*22 

6-80 -S-02 

9-86 

Composition of the Gaskin per cent. 



i” 

0 

BY VOLUME. 
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CarhSn dioxide . . . • . 

1-47 

1-58 

1*72 2-70 

3-13 * 

Carbon monoxide 

6-68 

7-10 

8-21 i 0-8.5 f 

1 ! -93 ' 

Hydrogen . ^ 

54-21 

52*79 

50*10 45*45 

15*26 ! 

Methane and Nitrogen 

34-37 

34-J3 

35-03 36-42 

37-n 

Heavy hydrocarbons 

3-27 

4-01 

4*94 i 5*58 

1 

5*5! i 

__ 1 

Specific gravity of the gas .... 

0-352 

0-376 

0-300 i 0-M! 1 

0*iH2 1 

Gas consumption for equal candle power 

r 1 

132-1 

111-7 

303-8 ,10-2-1 ; 

L i 

101-8 I 

' ‘ 


According to the above results, coals of Type III. (7.5 to 9 per 
cent. O) are the best gas coals, since they yield a large make of rich gas 
as well as coke of good quality. Coals of Types I. ‘and H. produce a 
large quantity of coke, but a poor yield of gas, whilst Types ! V. and V. 
yield gas of high illuminating power, but, on the other hand, the coke is 
poor in quality and small in quantity. The production figures, however, 
ought not to be generalised j they can only serve for comparisrm on the 
basis that the conditions of manufacture were always the same. 

Calorific Value of Cha/.— The methods for the determination of 
calorific power are described in the section on Fuel (Vol 1 p 2?o) 
where the means of determination by direct experiment and by calcula- 
tion from the ultimate analysis are given 

Frmmau A^y.is of Coal.-F„r gasworks purposes, ,a com- 
plete elementary analysis ,f coal is rarely required, the "proximate” 
analyse bemg usually sufficient. This consists in deterLuatteror 

nna residual coke In addition, the percentage of sulphur both in con 
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The quantity of volatile matter, ie,, the loss of weight (excluding free 
moisture), found when the coal is strongly ignited in absence of aia 
(which conversely also gives the weight of residual coke) is not, like^e 
elementary composition of the coal, an absolute quantity, iSut varies 
considerably according to the manner in whi^h the heating is carried 
out, and the coke yields obtained in the laboi'atory test frequently also 
differ materially from those obtained with the same coal in^gas retorts 
and coke ovens. In order, therefore, to obtain comparative values of 
coals in this respect, it is essential that standarcf conditions should be 
adhered to in carrying out the test 

Numerous methods of procedure have been proposed, the three most 
frequently employed being the original method suggested by Muck,^ 
the Bochum method,^ and the American method.^ • 

In Muck's method, i g. of powdered coal is heated in a medium- 
sized crucible not less than 3 cm. in height, having a close-fitting lid, 
the crucible being supported so that the bottom is about 3 cm. above 
th(i top of a burner giving a flame not less lllfen 18 cm. high. The 
heating is continued as long as any perceptible flame issues from 
between^he crucible and lid. ^ ’ * 

In the Bochum method, a crucible of from 22 to 35 mm. in height is 
used, closed with a lid having a hole in the centre 2 mm. in diameter. 
The height of the bottom of the crucible above the burner is increased 
from 3 cm. to 6 cm., so that the former is in the oxidising flame. A flame 
fully 18 cm. long is employed for heating, which is continued until gas 
nd longer burns at the hole in the crucible lid. This method gives a 
higher coke yield than that of Muck, and the results are more nearly in 
agreement with large scale working. 

The American method, recommended by the American Chemical 
Society's Committee on Coal Analysis, is as follows : — One gram of 
undried, powdered coal is placed in a platijmm crucible of 20 to 30 g. 
weight having a closely fitting lid which is supported in such a manner 
that the crucible bottom is from 6 to 8 cm. above the top of the burner. An 
ordinary Bunsen burner is employed, giving a flame at least 20 cm. long 
when burning free, and the heating is continued for seven minutes. The 
determination should be carried out in a place free from draughts. The 
upper surface of the crucible lid should be free from carbon after the esti- 
mation, whilst the under surface should remain covered with a black film. 

During the past few^ears a very exhaustive investigation of the 
subject has been carried out in the Swiss National Fuel Testing Station 
at Zurich by Constam, who with his co-workers has carried out tests 
by the various methods with a very large number of coals of widely 
different origin. As a result, he considers that the American method" - 

^ C}»muikr Stemkohleji^ 2nd edition, p. 10. ^ angm. Chem.^ 1904, 17, 738. 

Amer, C/iem, Soc,, 1899, 21, 1122. 
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should be recommended for general adoption, for the following amf.ng 
other reasons:— (i) It gives the best agreement between parallel 
es^mations with the same sample of coal ; (2) the results arc the least 
influence"^' by variation in the size of crucible and flame temperature; 
(3) it gives results more, nearly in accordance wjth those obtained in 
practice in gasworks and coke ovens than any other method, and the 
composition of the coke is less affected by the nature of the original 
coal th^n is the case with other methods. ' 

In all cases the quantity of free moisture, found by separate experi- 
ment, must be deducted from the loss of weight found, in order to 
ascertain the weight of volatile matter. For the purpose of making 
comparisons b'etween the volatile matter present in different coal.s, the 
percentage of “volatile matter” should be calculated on the actual 
weight of coal substance in the coal — i.e., the weight of coal after deduction 
of the ascertained percentages of moisture and ash. 

2. Direct Valuation of Coal by Distillation. — The full estimation of 
the practical yield of*a coal sample, both in regard to quantity and 
quality of gas, can only be ascertained by actual tests with the gas- 
works plant in normal working, as the conditions of small sca^e testing 
inevitably differ too much from those prevailing in everyday practice. 
In. some works a special experimental plant is provided in which 
arrangements are made for the supply of gas from one or more becks 
of retorts, to be passed when required through a separate plant consist- 
ing of condensers, exhauster, scrubber, purifier, meter, and gasholder, 
suitably arranged for testing purposes. <■ * 

Small scale-testing plants, modelled to represent large scale working 
as nearly as possible, almost always give higher results from any coal 
than can be, obtained in actual working. Nevertheless the results 
obtained with such plant are often of great value, as although the 
absolute figures given may attribute too high a value, they enable a fair 
estimate to be obtained of the relative value of coals for gas-making 
purposes ; also, they provide a means of checking the value of coals 
supplied to ascertain if these are up to sample. The size of such 
test plants varies considerably, the smallest size being for 2-24 lbs., 
or of a ton, whilst others receive a charge of from 22-4 to 112 
lbs., and, as a rule, the smaller the apparatus the higher are the results 
obtained from the same sample. It is, therefore, generally undesirable 
to make any comparison of the tests made with one plant against 
those made in another place with a differerit plant; the comparison 
should always be confined to tests made on one and the same apparatus. 
Further, in using such plants, very great care is required in sampling, 

" to ensure that the coal put into the retorts fairly represents the bulk 
to be tested, and the smaller the retort used the greater is the care 
necessary in this respect. r ^ 
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With such an apparatus, the yield of gas, its illuminating and 
calorific power and specific gravity, can be determined with a consider- 
able degree of accuracy, as well as the yield of dry coke. Measuremsiftts 
of the yield of tar and ammonia are, however, not made satisfactorily. 
The methods of testing illuminating power, calorific power, and specific 
gravity are described later, but it should be mentioned here, that where 
it is a matter of determining the comparative value of^coals, it is 
essential that the illuminating power shall be ascertainedpby a/nethod 
which gives as nearly as possible the true comparative value of gases 
of widely differing illuminating power, which is very far from the case 
with many of the statutory methods of determining the latter. For 
ordinary coals, the most suitable method is to employ the Metropolitan 
No. 2 Argand burner, burning the gas at the rate of 5 ck ft. jjpr 
hour with the air damper adjusted so that the flame is just short of 
the smoking point; or, if the London No. i Argand be employed, the 
gas should be consumed at such a rate as to give a chimney full of 
flame without smoking, and the illuminating power for 5 cb. ft. 
calculated from the observed rate of consumption. These methods 
give results which are comparable, so far as tests made with the same 
burner are concerned, but as the actual illuminating power given with 
the same gas by the No. 2 burner is higher than that given by the 
No. I burner under the conditions named, no comparison must be made 
between tests made with the different burners. 

The gas yield must be reduced to standard temperature and 
pfessure, which, however, in the British gas industry is not the usual 
normal of dry gas at 0° C. and 760 mm., but of moist gas at a 
temperature of 60° F. and 30 in. pressure. Apart from the use of 
British units, the temperature actually taken is different, the reason 
being that a Gas Undertaking sells its commodity by volume and not 
by weight, and the standard temperature for measuring the volume 
has, therefore, been fixed by statute as 60*" F., this being assumed to be 
the average temperature at which it is measured in the consumers’ 
meters. Hence the term “normal temperature and pressure” for 
gas works purposes differs from that employed for scientific purposes. 
In the subsequent pages, wherever it appears advisable, figures '^are 
given, both corrected to o°C. and 760 mm. (dry gas), and to 60° F, and 
30 in. pressure (moist gas), the latter figures being practically identical 
with those for 15° C. and 760 mm., which is frequently also employed 
as standard in the gas industry on the Continent. 

To obtain a figure representing the comparative value of a coal 
sample, so far as its combined results for yield and illuminating power 
are concerned, two methods are in use. In one, the comparative * 
Value is ^obtained by simply multiplying together the yield of gas per 
t<5n of coal and Ike illuminating power, the product being known as the 
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“mulHple” of the coal. In the other, the result.s arc c.vprc.ssed in 
“ sperm value ” — ie.,the number of pounds of sperm (as used in the inanu- 
fa^iure of the statutory standard candle) equivalent in light-giving power 
to I ton''of coal. As each standard candle burns at the rate of 120 

grains, or lb. per Kour, and the illumiifatin^ power of the gas is 

taken for ,a consumption of 5 cb. ft per hour, the sperm value is 
obtained by 4he formula— 

c 1 Yield in cb. ft. per ton x illuminating power x 120 

5 X 7000 

Or, working out the constants : — 

Sperm vdue = Yield per ton x illuminating power(muitiple) x o.ooji43. 


^ For calorific power, the multiple of yield per ton by the caku'ific 
power in B.Th.U. per cubic foot is usually employed, this calorific 
multiple, therefore, representing the total yield of B.Th.U. per tun of 
coal in the form of combustible gas. 


B. Analysis of Oils Employed in the Manufacture 
OF Carburetted Water Gas 

The oil employed in the manufacture of carburetted water gas in 
Great Britain and Ireland is always derived fi'om petroleum or shale 
oil, the fraction commonly used, on account of its relatively low price, 
being that intermediate between the burning oils on the one hand and 
the lubricating gils on the other. 

The various samples of oil differ considerably in the chemiCal 
nature of their constituents, according to the source from which they 
are derived ; their exact value for gas-making purposes is best ascertained 
by tests made on a working scale, as only in this manner can the most 
suitable temperatures for their decomposition be ascertained. Generally 
speaking, the more uniform the oil, both as regards the hydrocarbon 
series to which its constituents belong, and as regards boiling point, 
the better are the results which can be obtained, as it is then possible 
to adjust the temperature of the chequer work of the carburetter and 
Superheater to that which is most suitable for the “ cracking” of all 
the" hydrocarbons. ^ Such uniform oils would in most cases be too 
expensive for use ; in the oils in common use, the boiling point of the 
bulk of the constituents varies usually from 250° to 400°. As the best 
cracking temperature for the various constituents differs, an average 
temperature has to be found in working which gives the best result.s 
from the oil as a whole. With a mixture containing oils from different 
the necessary variations of working temperature 

' '7*?^ ^ different hydrocarbon.s 

7 S! 7“^ series on which account the mixing of oils of different origin 
n the storage tanks should be avoided as far as practicable. 
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In genera], the only tests made of deliveries of such oil are its 
specific gravity at 6o° F. (correction for each degree Fahrenheit below 
or above 6o° = ± 0-00036), its flash point, and the. percentage!^ of 
residue (coke) remaining on complete distillation in a flask, which 
should not exceed per-cent, and is mostly#much below this figure. 
The sulphur may also Ije determined, by Eschka’s method (Vol. I, 
p. 24s). 

For a more complete* examination, which is pften de^rable? in the 
case of a new sample of oil, this may be distilled according to Engler’s 
method {cf, Vol. IIL, under ‘^Petroleum”), 100 c.c. of the oil being 
distilled in a fractionating flask of standard dimension^ at the rate of 
2 to 3 c.c per minute. The fractions are collected in weighed and 
graduated tubes, and the percentage of each fraction by weig^ht aitd 
by volume, and its specific gravity determined. In addition, the colour 
of the fractions is noted, and also whether the higher fractions deposit 
solid hydrocarbons at 0° and at 15° respectively. 

•The portion boiling below 150° is known as i^ight Oils^ that between 
I so'" to 300° as Burning OilSy and that above 30.0° as Heavy OilSy bu^ for 
the detailed ex:amination of an oil it is usual to take a much larger 
number of fractions. A very usual method adopted in the United 
States, and also frequehtly in this country, is to take the fractions over 
each 50° F,, but in this case an additional change of receiver is also 
made at 302° F. and 572° F. (150° and 300° C.) in order to express the 
percentages of light, burning, and heavy oils respectively. The figures 
giten in the table •below give the results obtained in the examination 
of a sample of gas oil in this manner. 

Analysis of Sample of Gas Oil. • 

Colour and Appearance. — Brown oil, with bluish fluorescence. 

Specific Gravity. — At 60° F. 0*8886, 

Flash Point. — 203° F. Watery traces only. 

Stispcfided Matter n — Nil. Sulphury 0*17 per cent. 


Distillation Test. 


Number of 
Fraction. 

Boiling point. 
Degrees P. 

Sp. gr. at 

60" P. 

Per cent, 
by volume. 

Per cent, 
by weight. 

, Summary. 

1 

450 to 500 

* 0-8676 

23-3 

22-74) 


Middle Oils 

. 2 

500 „ 550 

0-8819 

36-1 

35-78 

r 

70-2 per cent. 

3 

550 „ 572 

0-8904 

10-8 

lo-sej 


by vol. 

4 i 

572 „ 600 

0-8944 

9-8 

9‘83') 


Heavy Oils 

5 

600 ,, '650 

0-8992 

10-0 

10-10 


6 

650 „ 700 

0-9094 

5*6 

5-79 


29-5 per cent, 
by vol. 



7 

8* 

700 „ 750 
^oke 

0*9203 

4-1 

4-28j 

0-30 

1 


1 ~ I I 1 I ^ 

n 2 R 
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Colour of Fractions.— ^o. i, colourless ; Nos. 2 to 7, colour increasing* 
from pale to full yellow. All fractions show bluish fluorescence. 

Condition of. Fractions. — All completely liquid at 60 h. and at h. 
Sulphuretted Hydrogen.— E.vo\\ed in very small quantity through- 

out distillation. c ^ - 

In addition to the specific gravity, Ross and Leather^ rccomnicnd 
the determination of the refractive index of each fraction, as they find 
that for fractions of ;the same boiling poinVthe value for gas-making 
purposes increases with a decrease in the specific gravity and refractive 
index. 

They also find that the following method of analysis gives com- 
parative figures for oils which closely represent their value for 
oarburetted water gas manufacture in actual practice. The oi! is 
gasified in a small retort 9 ins. long by wide, and 44 ins. high, 

heated in a muffle furnace, the retort being fitted with an electrical 
pyrometer and two tubes, one just entering the retort for the intro- 
duction of the oil, ancT the other extending to the end of the retor^ for 
the- delivery of the oil gas. As soon as the retort has reached the 
required temperature (which varied in the tests given between about 
600° and 900*" C.), the gas for heating is shut off, and 1 5 c.c. of the oil to 
be tested run in during a period of about three minutes, the gas evolve<l 
being passed through a wash-bottle to remove tar, collected in a small 
measuring holder, and the percentage of unsaturated hydrocarbons 
contained in ij^ determined by absorption with fuming sulphuric acid* 
The figure representing the relative value of th« oil is obtained*^ by 
multiplying the number of cubic centimetres of gas produced from a 
given quantity of oil by the percentage of unsaturated hydrocarbons 
found. Comparison of the relative figures thus obtained from different 
oils with those obtained from the same oils in actual working on the 
large scale showed close agreement 

Mayer and Hempel,^ in an exhaustive investigation of oils, find that 
their gas-making value may be suitably ascertained by the small scale 
distillation, the samples being allowed to drop slowly into an inclined 
iron tube heated by gas burners, and connected with apparatus for the 
collection of the tar and gas, the illuminating and calorific power of the 
latter being ascertained. The multiple of gas yield into illuminating 
power, and of gas yield into calorific power, at the optimum retort 
temperature, then give fairly representative values for the different oils. 
They further find that the optimum temperature is approximately the 
same for all types of oil examined, namely, about 750^ and that vark- 
^-tions from the optimum lower the illuminating power multiple to a ^ 
' much greater extent than the calorific power multiple. Moreover, their 

1 Jm/w/, 1906, 31, 284 ; xgcr, 32, 241. ^ 

^ 2^ Gashekucht, 1910, 53, 77, loi, 137, 155. 


ANALYSIS OF OILS 


629 *. 


'tests also show that the optimum temperature remains the same when 
the cracking of the oil is carried out in presence of large volumes of 
hydrogen and carbon monoxide, as is the case in the manufacture^of 
carburetted water gas, in spite of the fact that in this case a considerable 
amount of combination tg.kes place between# the hydrogen and the 
unsaturated hydrocarbons present in the hot oil gas. When the cmck- 
ing is carried out in presence of water gas, however, variation's from the 
optimum temperature of 750° (from 730° to 880°^ have comparatively 
little effect on the calorific multiple, the loss of olefines at higher 
temperatures being largely counterbalanced by increased production of 
methane, ethane, etc. The illuminating multiple, on th§ other hand, 
which is much more directly dependent on the percentage of olefines, is 
very materially affected by deviations from the optimum temperature. ♦ 

C. Oils Employed for Carburetting in the Cold 

]yi order to increase the illuminating power of f he gas and to ensure 
its reaching the statutory quality, the addition of volatile hydrocarbons 
to the gas is frequently employed, although owing to the fast diminish- 
ing importance attached to illuminating power, the amount so used is 
steadily decreasing. 

The hydrocarbons employed for this purpose are the lowest boiling 
fractions of petroleum (carburine, petrol) and crude benzol. The use of 
the former is, however, practically given up owing tp the rise in 
price due to its increasing employment for internal combustion motors, 
the price of benzol having fallen at the same time. 

I. Crude Benzol. — The benzol usually employed consists of the so- 
called 90 per cent benzol of the tar distillers — a liquid of which 90 
per cent, distils over below 100°. The compliance of the sample with 
this condition is tested by distilling 100 c.c. from a flask through a 
3-bulb Le-Bel-Henninger fractionating column. 

Some samples of crude benzol, however, contain considerable 
quantities of sulphur, chiefly as carbon bisulphide, and to a smaller 
extent as thiophene ; these are objectionable, inasmuch as they increase 
the sulphur content of the purified gas. * 

Dete^^mination of the Total Sulphur, — Irwin's method may be 
adopted, which utilises the ordinary Referees sulphur test apparatus, 
employed for the estimation of sulphur in coal gas (see p. 669). The 
burner of the latter is replaced by a small spirit lamp, in which 10 c.c. 
of the benzol and 90 c.c. of alcohol are placed, and the mixture com- 
pletely burned with a small flame under the trumpet tube of the 
apparatus, the flame being surrounded with lumps of ammonium 
carbonate. ^ The sulphur is converted into ammonium sulphate, a 
solution of which* collects in the receiver, and is precipitated at the 
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conclusion of the test as barium sulphate in the usual manner, and 
weighed^ 

^ CdTboTi Bisulphide , — For the determination of carbon bisulphide 
alone, many methods have been proposed ; the most convenient are 
those which depend on its conversion ^ntoc a xanthate. hor this 
pll^^pose, 50 c.c. of the benzol is mixed ^ith 50 c.c. of 10 per cent, 
alcoholic'* potassium or sodium hydroxide and allowed to stand for a 
shortotime^when the carbon bisulphide is converted into xanthate in 
accordance with the equation : — 

.OCoH, 

eSg + NaOH + C2H5 . OH = CS d -f H.O* 

f ^SNa 

o Walter is then added, the whole shaken, the lower aqncom layer 
removed by a separating funnel, and the benzene layer washed two or 
three times successively with small quantities of water ; the combined 
washings are then made up to 500 c.c. An aliquot portion of the 
solution is acidifieef with acetic acid, and titrated with a su^ition 
04 copper sulphate ^containing 12*475 g. CuSO^, 5^2^ 

(i C.C. =0*0076 g. CSg). The xanthic acid is precipitatec^ as cupric 
xanthate; the precipitation is complete when a drop of the clear 
solution gives a brown coloration with potassium ferrocyanide. 

According to Harding and Doran, ^ the copper xanthate thus formed 
has not a constant composition and more accurate results are obtained 
by the following method : — The xanthate solution, after acidification, is 
precipitated with an excess of a decinormal solution of cupric aceta?tc in 
dilute acetic acid, and allowed to stand for ten minutes ; under these 
conditions, in presence of an excess of copper, the xanthate formed has 
a constant* composition, the ratio CuO:CS2 being 1:1*925, or very 
nearly that required for cupric xanthate. The precipitate is filtered off, 
and the excess of copper in the filtrate determined by addition of 
potassium iodide, and titration with N/io sodium thiosulphate, the 
copper acetate solution being standardised in a similar manner. From 
the amount of copper precipitated and the above ratio of CuO : CS.^, 
the amount of the latter may be readily calculated. 

The amount of sulphur in the xanthate solution may also be deter** 
mined gravimetrically, by boiling the alkaline xanthate solution with 
pure hydrogen peroxide solution, whereby the xanthate is oxidised to 
sulphate which is determined with barium chloride in the usual manner/ 
The quantity of carbon bisulphide in crude benzol may also be 
estimated by adding to 10 c.c. of the sample a few drops of phony 1- 
f hydrazine, and allowing the mixture to stand for one to two hours, when * 
the carbon bisulphide is precipitated as the crystalline compound 
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CgHg.NgH^.CS.S.NgHgQHg, which is filtered off on a dried tared filter, 
washed with pure benzene, and dried in vacuo over sulphuric acid. The 
weight of precipitate found, multiplied by 0-26, gives .the weight 6f 
carbon bisulphide.^ 

Thiophene , — Accordiiig tp Deniges,^ the amount of this substance 
may be determined by addipg 2 c.c. of the benzol to 20 c.c. of a solution 
obtained by dissolving 50 g. of mercuric oxide and 200 g*. of pure 
sulphuric acid in i litre of Water, and heating the mixture at loo*^ in a 
stoppered bottle for fifteen minutes, with occasional shaking. The 
precipitate formed is filtered off on a weighed filter ; the weight obtained, 
multiplied by 0-0758, gives the weight of thiophene. 

2. Oil Gas Condensate. — The liquid hydrocarbons which separate 
when oil gas is compressed, are also used for enrichment purposes,* 
being sold usually under special trade names. The bulk of this oil 
consists of benzene, which is usually present to the extent of some 
70 per cent; of the remainder, some 15 per cent consists of toluene, 
5 pe» cent of higher boiling aromatic hydrocarbons, and about 10 per 
cent of olefines. Its enrichment effect averages f|*om 90 to 95 per cest 
of that of commercial 90 per cent benzol. 

For its examination, it is usual to distil 100 c.c., using a 3-bulb 
fractionating column, and to ascertain the volume of distillate for each 
interval of 5°. The percentage of olefines is estimated from the 
quantity of bromine with which it combines, in the following manner : — 
A solution of bromine in dried carbon bisulphide is madg, up of about 
decihormal strength, ^d 25 c.c. of this solution added to about 0-5 g. of 
the oil dissolved in dried carbon bisulphide and contained in a stoppered 
bottle. If the solution is not then strongly coloured by unaltered 
bromine, a further 25 c.c. of bromine solution is added. After standing 
for fifteen minutes in the dark, a solution of potassium iodide is added, 
the bottle vigorously shaken, and the liberated iodine estimated by 
titration with N\\o sodium thiosulphate and starch, the bottle being 
well shaken between each addition of thiosulphate. The bromine 
solution is standardised in a similar manner, and from the results of the 
two titrations, the amount of bromine absorbed is calculated ; i c.c. of 
iV/io thiosulphate =o*oo8 g. Br. ^ 

As an example, the following test may be given : — 


25 c,c* bromine solution 
Weight of oil taken • 

Bromine solution added 

Njio thiosulphate required after 15 min. 

Per cent, of bromine absorbed 


- 24.4 c.c. iV/ 10 thiosulphate. 
= 0.534 g. 

= 23 c.c. 

= 10.2 c.c. 

_ (24.4- 10.2) X 0.008 
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Assuming that the average composition of the olefines present is 
CgHia, 84 parts of such olefines combine with 160 parts of bromine, and 
the approximate percentage of olefines is therefore ; 

84 X 2i jj _ percent. 

“160 ^ 

III.— GAS ANALYSES 1 

A. General Considerations on Volumetric Gas Analysis 

The constituents of a gaseous mixture which are present in consider- 
able amount are usually determined by volumetric methods, whilst 
tiiose present only in small quantity are estimated either by gravimetric 
or volumetric methods (cf. III., E., p. 659). 

The scientific foundations of the methods of volumetric gas analy.sis 
were laid by Bunsen, who embodied his classical researches on the 
subject in his work on “ Gasometry ” (1857). The methods adopted by 
him have since been considerably amplified by numerous other worker.s, 
and at the same time have been rendered more available for technical 
work by the construction of apparatus specially suitable for this purpose, 
in which greater rapidity is obtained without material sacrifice of 
accuracy. 

The most important types of apparatus and methods of working are 
described in the section on Technical Gas Analysis (Vol. I., pp. 189 
et seq^ ; this section accordingly includes only such^data as are nece.s.sary 
to amplify the information there given to suit the special requirements 
of gasworks. 

The chiSf types of gaseous mixtures which are met with in gas- 
works’ practice are given in the following table, together with their 
approximate average percentage composition ; it is to be remembered, 
however, that the percentages of the various constituents may vary 
somewhat widely from those given as an average in the table : — 


f' 

H. 

CH 4 . 

CO. 


GO2. 

0 * 


Oil gas , * . . 

8 

52 

14 

25 



1 

Carburetted water gas 

37 

13 

33 

% 

4 

6-4 

4 

Coal gas .... 

60 

30 

8 

3-5 

1*5 

0-6 

0-5 

Blue water gas . 

50 

1 

40 


4 

« * , 

5 

Generator gas , 

10 

0*5 

27 

r 

6 


56 

Waste gases 



? 


21 

21 

<79 


Apart from the value of a complete gas analysis in the investigation 
of the nature of the changes taking place in the various processe.s, and 
the effect of altered conditions on the working, the informatwn gained 
'' ^ Vol. L, Section on Technical Gas Analysis, pp. ?S 9 - 440 . 
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from such analysis is in many cases useful for (i) the valuation of the 
gas from the amount of each constituent present ; (2) the calculation of 
its calorific power; (3) the calculation of the amount of air required for 
its complete combustion ; (4) the calculation of the theoretical flame 
temperature. • # • 

The method of gas-volumetric analysis depends in the first place on 
the successive removal of single constituents by treating th« gas with 
suitable absorbing agents* and measuring the resulting difninution of 
volume. Carbon dioxide, heavy hydrocarbons, and oxygen are almost 
always estimated in this manner ; carbon monoxide is usually estimated 
by absorption, and occasionally also hydrogen. Where no suitable 
absorbent is known, as with methane, and also usually with hydrogen, 
and sometimes with carbon monoxide, these constituents are determined 
by combustion, their quantities being deduced from the relation of the 
contraction on combustion and the volume of carbon dioxide produced, 
to the original volume. The residual incombustible gas is taken as 
nitrogen. ^ 


B. Estimation of Gases by Absorption 

• 

In estimating gases by absorption, two general types of apparatus 
are employed. In the one, represented by the Frankland-Macleod 
apparatus and its modifications and the Bunte burette, small quantities 
of fresh absorbent material are used for each 
determination ; in the second class, repre- 
serfted by the Hempei and the Orsat apparatus, 
the gas is passed from the measuring vessel 
into an absorption pipette containing a large 
volume of the absorbent material, and then 
transferred back to the measuring vessel, the 
same quantity of absorbent being used for a 
large number of absorptions. 

The absorption pipettes employed by 
Hempel and Orsat are fully described in 
Vol. L, pp. 198 et seq, Pfeiffer employs a 
modified form of the Hempel pipette, which 
permits of the replacement of the gas in the 
capillary connecting tube by means of water. 

This modification is shown in Fig. 90, the 
capillary side tube, being connected to the 
burette; by altering the position of the stopcock,/, in a manner which 
can be readily seen from the diagram, water may be run from the\ 
funnel, into the capillary, and the air expelled before connecting with 
the burette; and when drawing the gas back to the burette after 
absorption, the ateorbing liquid is allowed to rise only to the stopcock, 



Fiq. 90 . 
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p, after which, by turning the latter through an angle of 90^ water is 
run from the funnel, to the capillary, the gas remaining in which is 
thus forced into the burette ; this operation is carried out before each 
reading. In place of the wooden or metal stand used by Hempel, the 
tube is bedded in a sheeLmetal case by mean^ of paraffin wax or plaster 
of Paris. 

The absorbents most commonly in use for the various constituents 
are given under the respective gases. 

{a) Sulphuretted Hydrogen. — When this gas is present in con- 
siderable quantity, as is the case with crude coal gas, it may be 
estimated volumetrically with a fair degree of accuracy by the employ- 
ment of a slightly acid, 10 per cent, solution of cadium chloride or 
sulphate^ as absorbent. Contact with the solution for one minute is 
sufficient for complete elimination of the sulphuretted hydrogen ; 
shaking is unnecessary and inadvisable, as it tends to effect the 
absorption of other constituents. 

(< 5 ») Carbon Dioxiefc — The absorbent mostly employed is a solutacion 
of qine part of potassium hydroxide in two parts of water. Contact for 
one minute is sufficient for complete absorption. 

When the gases also contain hydrocarbon vapours, as is the case 
with coal gas, carburetted water gas, and oil gas, there is a tendency on 
the part of the potassium hydroxide solution, especially w'hen a large 
volume of it is used, to absorb, in addition, some of these vapours (chiefly 
benzene and snj^aller quantities of its homologues). The error due to 
this absorption may bring the carbon dioxide from o-l to 0-4 per ceht 
too high, and consequently the unsaturated hydrocarbons too low by a 
corresponding amount In such cases, it is advisable to use a more 
dilute potassium hydroxide solution (one part of potassium hydroxide to 
three parts of water), in which case, provided the gas is not shaken with 
the reagent, very little absorption of vapours occurs. 

(^) Total Unsaturated Hydrocarbons— These hydrocarbons con- 
sist chiefly of ethylene and benzene vapour, but usually small amounts 
of their homologues are also present; as a rule, these constituents arc 
determined together, by absorption with either fuming sulphuric acid 
or vvith bromine water. ' 


^ With the former reagent, shaking must be continued for three to five 
minutes to effect complete absorption, and before remeasuring, the gas 
must be passed over potassium hydroxide solution to remove the 
vapours of sulphur dioxide, etc. Where a large bulk of fuming acid is 
^ployed as in the Hempel apparatus, oxygen, if present, is absorbed 
^ a small extent, probably by the compounds formed from the hydro- 
carbons and sulphuric acid ; it should, therefore, be removed from the 
gas before the absorption with fuming sulphuric acid. ^ 

The absorption with bromine is carried out wiJh a solution of 
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bromine in water or in potassium bromide solution. The olefines are 
very rapidly converted into the dibromides, but the aromatic hydro- 
carbons are not chemically acted on by the bromine, their removal 
being simply mechanical ; a period of three minutes should be allowed 
for their absorption. Before remeasuring, the gas must be treated with 
potassium hydroxide to rejnove the excess of bromine vapour. 

The separate determination of olefines and of benze»e and its 
homologues by special absorbents has frequently been pfoposed, but 
most of the methods have been shown to be quite unreliable. Recently, 
Dennis and O’Neill found that benzene vapour might be estimated by 
absorption with an ammoniacal nickel nitrate solution, but subsequent 
investigation has shown that this is only the case when the gas 
analysed also contains hydrocyanic acid, the compound formed being 
CgHg, NHg, Ni(CN)2. Dennis and M‘Carthy^ have recommended an 
ammoniacal solution of nickel cyanide for the absorption, prepared as 
follows : — A solution of 25 g. of potassium cyanide in 25 c.c. of water is 
adoied to a solution of 50 g. of crystallised nicke? sulphate in 75 c.c. of 
water, 125 c.c. of ammonia (sp. gr. 0-91) added^the whole cooled tg 0°, 
and poused off from the separated potassium sulphate; 18 g. of citric 
acid in 10 c.c, of water are then added, the solution again cooled to o"* for 
ten minutes, decanted from potassium sulphate crystals, and a few drops 
of benzene then added and shaken till combination takes place, as the 
solution is much more active after it has absorbed some benzene. The 
gas must be well shaken with the reagent for at least three minutes, and 
beTore remeasuringmiust be passed into dilute sulphuric acid to remove 
ammonia. The solution has no action on ethylene or on carbon mon- 
oxide; the former may be estimated by absorption with bromine or 
fuming sulphuric acid after the removal of the benzene? The small 
quantities of benzene homologues present would, however, ' not be 
absorbed by the ammoniacal nickel cyanide, but their amount rarely 
exceeds o*i per cent. Check tests given by Dennis and McCarthy 
show good agreement with the theoretical figures, but a wider 
experience with varied gases is necessary to establish the general 
applicability of the method. 

(d) Oxygen — The absorbents employed are alkaline pyrogallol, 
phosphorus, and sodium hydrosulphite, the preparation and employment 
of which is described in Vol. I., p. 209. 

The pyrogallol solutio^i is prepared by mixing i volume of aqueous 
pyrogallol (i : 3) with 5 volumes of aqueous potassium hydroxide 

(3:2). 

The sodium hydrosulphite solution is made by dissolving 50 g. <af 
the salt in 250 c.c. of water and adding 40 c.c, of a sodium hydroxide 
solution*containing 500 g. of alkali to 700 c.c. of water, and is used in a 
^ /. Amer, Chm. Soc,^ 1908 , 30 , 233 . 
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pipette filled with rolls of iron-wire gauze. The absorption take.s place 
according to the equation : — 

Na^SA+HsO + O = zNaHSOg. 

When both unsaturated hydrocarbons and oxygen are present, as is 
the case in illuminating^gas, the order in which these are absorbed 
varies" according to the absorbents employed. ' If alkaline pyrogallol be 
used, tlie oxygen determination should precede that of the hydro- 
carbons," as the fuming sulphuric acid which has already absorbed 
hydrocarbons tends to absorb some oxygen, but at the same time the 
use of the strongly alkaline pyrogallol before removal of hydrocarbon 
vapours tends {o absorb some of the latter, thus making the oxygen too 
high and the unsaturated hydrocarbons too low. When phosphorus 
is used for estimating oxygen, it is essential that the unsaturated 
hydrocarbons be first removed, as mere traces of ethylene entirely 
prevent the absorption of oxygen by phosphorus; owing to the 
above-mentioned absorption of oxygen by fuming sulphuric acid, it-i.s 
necessary in this case to employ bromine for the absorption of the 
hydrocarbons. The use of bromine, with the subsequent, u.se of 
phosphorus for the absorption of oxygen, gives the most accurate results, 
and, provided the gas measuring burette is water-jacketed, the percentage 
of oxygen is then given correctly in almost all cases to within o- 1 per 
cent., as has been shown by a long series of tests in which coal gas, free 
from oxygen, was mixed with known volumes of air and analysed by 
this method (Cofman). » • 

(e) Carbon Monoxide. — The absorbent solution used for this con- 
stituent is either an acid or ammoniacal solution of cuprous chloride ; 
the latter solution is most frequently employed. Oxygen and ethylene 
are absorbed by the acid solution, and acetylene, in addition, by the 
ammoniacal solution; these constituents must, therefore, be removed 
before the estimation of the carbon monoxide. 

The acid solution is prepared by dissolving lOO g. of crystallised 
cupric chloride in 500 c.c. of concentrated hydrochloric acid diluted with 
an equal volume of water, and allowing the solution to stand with an 
excess of metallic copper until colourless. 

For the ammoniacal solution required in the Hempel or Orsat 
apparatus, a very active solution is obtained by Winkler’s method of 
preparation. A stock solution is made up by dissolving 200 g, of 
cuprous chloride, and 250 g. of ammonium chlSride in 750 c.c. of water ; 
this solution is kept in a bottle closed with a rubber stopper, into which 
a^ew spirals of copper wire are also placed. When required for use this 
solution is mixed with one-third of its volume of ammonium hydroxide 
of sp. gr. 0-905. 

For use in apparatus in which only a small volume ef the reagent 
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is employed, Bone recommends the following method of preparation. 
Fifty to seventy grams of white cuprous chloride are suspended in 
250 C.C. of water containing 10 to 15 g. of ammonium chloride, and 
ammonia gas passed into the liquid (air being excluded) until no more 
solid dissolves and the solution smells distinctly of ammonia. A 
further quantity of about ^5 g. of cuprous chloride is then added, the 
liquid well shaken, and stored in bottles closed with a rubber stopper ; 
after a few hours the soliftion should cease to sm^ll of amnlonia^ 

Solutions which have absorbed carbon monoxide give off some of 
the gas to indifferent gases, an equilibrium being always obtained for 
the carbon monoxide content between the gas and the liquid. For the 
complete removal of the carbon monoxide from the gas, the latter 
must, therefore, eventually be treated with a solution containing very 
little absorbed gas. Where small quantities of the reagent are employed, 
two absorptions with different portions of the fresh solution are 
always used ; with the Hempel apparatus two absorption pipettes 
ar« used in succession, the second containing: solution which has 
absorbed only small quantities of carbon moiioxide. As soon, as^ the 
treatment in the second pipette shows an absorption of more than 0*4 
to 0*5 per cent, the first pipette is recharged with fresh solution and 
used for the final absorption, the pipette previously used for this purpose 
being then employed for the first absorption. 

(/) Hydrogen. — This gas is almost always determined by combus- 
tion, but occasionally Hempers method of absorption by palladium is 
employed (Vol. L, p. 212). Paal and Hartmann^ have recently shown 
that hydrogen may also be determined by absorption with a solution 
prepared by dissolving 2-22 g. of colloidal palladium^ (containing 
67-36 per cent. = i-S g, Pd) and 2-74 g. of sodium picrate in 125 c.c. 
of water, the solution being placed in a Hempel or similar pipette. 
The absorption is somewhat slow, requiring from ten to twenty minutes, 
with occasional shaking. Carbon dioxide, heavy hydrocarbons, oxygen, 
and carbon monoxide must be previously removed. Sulphur, phos- 
phorus, and arsenic compounds, which destroy the catalytic power of the 
palladium, are simultaneously removed by the usual absorption reagents 
for these constituents. 

When the solution becomes inactive, the palladium may be recovered 
by carefully adding dilute sulphuric acid, drop by drop, so long as a 
precipitate forms, avoiding an excess. The precipitated palladium is 
filtered, washed, suspended in a small quantity of water, dissolved by 
gradual addition of sodium hydroxide solution, and sodium picrate 
again added.^ ^ 

1 Ber,^ igiOj 43, 243. ® This is supplied by Kalle & Co., Biebrich am Rhein. 

^ Brimck, CJmn. 1910, 34, 1313, X332. 
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C. Estimation of Gases by Combustion 
Of the combustible gases, methane and ethane are always estimated 
by combustion, and in most cases the estimation of hydrogen, and often 
that of carbon monoxide, is carried out in this way. The usual^ method 
is to admit either oxygffn or air and to burn ’the gases, either by 
explosion, or by slow combustion over heated metals of the platinum 
group, whereby hydrogen, either free or combined with carbon, is con- 
verted ifito liquid watef, whilst the carbon is ox'idised carbon dioxide. 

I. CHANGES IN VOLUME BY COMBUSTION 
The volume of combustible gases to be estimated stands in a 
• certain relation to the contraction in volume resulting from the com- 
bustion (!■), to the carbon dioxide formed on combustion (CO^), which 
can easily be determined by absorption, and to the sura of the hydrogen 
contraction plus carbon dioxide (total contraction C). The volumetric 
relations are shown in the following table. In the graphic representa- 
tion of the volume changes, the squares enclosed by dotted lines denote 
the volumes which disappear by contraction, and the darkened squares 
the carbon dioxide formed by combustion. * 
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Hence the volumes are as follows : — 


H =|c(orfC) 

CO = COj, or 2c, or fC • 

CH, = CO 2 , or |c, or iC. 
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If only one of the combustible gases be present in the mixture, there 
is, in the case of carbon monoxide and of methane, a choice in deducing 
their volumes, namely, either from the contraction due to the carbon 
dioxide formed on combustion, or from the total contraction C. As* will 
be readily understood, the latter gives the more accurate results chiefly 

because of the larger volume readings that enter into the calculation. 

♦ • 

Gaseous Mixtures jvith Two or Three Combustible* Gases. 

In this case, the calculation is more complex. *If methane anci carbon 
monoxide are both present, neither of them alter their volume by 
oxidation to carbon dioxide, so that the following relation holds : — 

I voL CO2 = I voL CO, or i vol. COg = i voL*CH4. 

A contraction results, however, owing to the oxygen taken ^p in the 
combustion, which must be subtracted from the contraction to obtain 
the nett contraction due to hydrogen. 

{a) Hydrogen and Carbon Monoxide. — To the volume of carbon 
m*onoxide as ascertained (=:vol. of COg formed) there corresponds a 
contraction, due to the disappearance of cwfcygen, equal to half the 
volume*of the COg. This must be subtracted from the contraction r, as 
found, in order to obtain the contraction due to hydrogen. The 
volumetric relations are therefore : — 

CO = CO2 

and H = (c-^CO.)!-. 

Example (Mixtfire of Hydrogen, Carbon Monoxide, and Nitrogen) : — 

Volume of Gas mixture = 21.1 c.c. 

„ Air added = 97-5 n 

Total . 118.6 C.C.* 


After combustion = i02-i c.c.; contraction c = 16*5 c.c. ; H = 

9-53 C.C. 

After COo absorption = 977 c.c. ; carbon dioxide = 4*4 c.c. ; CO = 
4*4 c.c. 

If, after absorbing the CO.3 formed in the combustion, the total 
contraction C ( = ^:+COo) be considered, the volume of CO, of course, 
remains the same (= vol. of CO^). 

On the other hand, the volume of : — 1 

H-^C-CO.. 

Since, according to the first equation, 

H (c- iCOo)*? 
now C = C + CO2 
^ and c == C-CO., 

therefof^— II - (C - CO. - - (C - ^CO^) | - :(C - CO.). 
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Applying this to the example : — 

Contraction = 16.5 c.c. 

, Carbon dioxide == 44 11 CO ^ 4.4 c.c. 

Total contraction C == 20.9 c.c. H = 9o3 ?? 

» f 

Ip mixtures containing hydrogen accopipanied by either carbon 
monoxide or methane, provided that the total volume V of the com- 
bustible gas& is kno^nj the calculation on the basis of the foregoing 
is much simplified, since the volume of carbon monoxide or methane 
is equal to the ascertained volume of carbon dioxide, whilst the 
difference is due to hydrogen : — 

CO or CH4 = CO, 

‘ H = V - CO2. 

(d) Hydrogen, Carbon Monoxide, and Methane. — The volume of 
these constituents can be calculated if their total volume V (combustible 
portion), is known, a value which, in technical gas mixtures, is obtaiacd 
from the estimation of the accompanying ingredient, nitrogen. The 
calculation starts from the known nitrogen content, o^ the air 
added for the combustion — z.e., the volume of air x o-ygo^. After 
combustion, followed by the absorption of the carbon dioxide, and of the 
excess of oxygen added from the air, there remains a volume of nitrogen, 
Nj, which is at least as large as N^. The difference, Nj— Nj,- gives the 
nitrogen, N, present in the original volume taken, R, whence the volume 
of the combustible gases is ; — » 

V = R-N. 

It then follows, as already shown : — 

H = V-CO2, 

further, CO = iCOa + V-fC 
and CH4 = (C02 + c)|-V. 

Starting again from the total contraction C, and substituting the 
equivalent value (C—CO^) for c in the above equation, the following 
simplified equations are obtained : — 

H = V-CO2 
CO = CO2+V-IC 
CH4 = |C-V. 

Or, by adopting the following notation, 

^ Volume I. = Gas residue (R)-l- air. 

„ 11. = Residue after explosion. 

„ III. = Residue after explosion and absorption of CO2. 

„ IV. = Residue after absorption of the g-^cess O.* 


METHANE AND ETHANE 


641 


Then : — 

C 

Vol. T-iir. 


CO, = 

„ ii-iii. 


N2 = 

„ IV. 


N 

N2-N1 (Ni = air X 79.0s). 


•V . = 

R-N. 


• 



(c) Methane and Ethane* — When the gaseous mixture contains 
higher homologues of mdthane, of which the on^ one coifimoiily met 
with in any quantity is ethane, calculations are more complex. In the 
case of a mixture of hydrogen, methane, and ethane remaining with the 
nitrogen after the absorption of the other constituents, including carbon 
monoxide, a value for ethane may be calculated from the volume of 
carbon dioxide produced, the contraction and the volume of t)xygeh 
absorbed on explosion, but the results are not very reliable. If, 
however, the hydrogen be also absorbed by Paal’s colloidal palladium 
solution (p, 637), leaving only methane and ethane (and nitrogen), the 
volumes of methane and ethane may be founcf from the volume of 
carbon dioxide produced and the contraction, C. 

From«the equations : — 

CH4 + 2O2 = CO2 + 2H2O 

I vol. 2 vols. I vol, 

“ 2002 + 31^2^ 

I vol. 3*5 vols. 2 vols, 

it follows that methane gives its own volume of COg agd a total con- 
traction of twice it^ volume, whilst ethane gives twice its volume of 
CO2 and a total contraction of 2-5 times its volume. If x and y 
represent the volumes of methane and ethane respectively, then 

X 2y — voL CO2 formed (COg) 

2^ + 2.57 = Contraction (C). 

Hence, CH^ = |-(C02-|C). 

C 2 H, = |(2C-C02). 

In the case of coal gas with the carbonising temperatures now 
usually employed, very little, if any, ethane is generally present, but 
with lower carbonising temperatures, and also with oil gas md 
carburetted water gas, appreciable amounts of ethane are mostly 
contained in the gas. 

2. METiPODS OF COMBUSTION 

(a) Explosion. — In most cases the simplest, though not always a 
practicable method of combustion, consists in the explosion of the com^- 
bustible mixture either with pure oxygen or with air. As the explosion 
vessel, either a measuring burette, provided with platinum electrodes, is 
used, or a specia|^xplosion pipette (cf. Vol L, pp. 213 and 222). Water 
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is quite unsuitable as the confining liquid, if the carbon dioxide formecf 
has to be determined, as is usually the case, because under the high 
pressure of explosion a portion of this gas is absorbed ; in most forms 
of gas analysis apparatus the combustion is effected over mercury. 

The explosion pipette, filled with water, devised by Pfeiffer (Fig. 
91) obviates the absorption of the carbon cfioxide in the following way. 
The liquid (o-i per cent, sulphuric acid) in the explosion bulb A is 
drawn oW into B before explosion; twq stopcocks, a and b, are 
provided for this purpose. 

This pipette is particularly suitable to the analysis of coal gas by 
Pfeiffer’s method {cf. p. 648) ; it is of much smaller capacity than other 
forms of explosion pipettes, but is sufficiently large to take one filling 
of the burette with air quite conveniently in addition to the combustible 
gas residue. The provision of the stopcock at 
the entrance to the bulb, instead of the customary 
rubber tubing and clip, protects the apparatus from 
rides due to back pressure to which the latter is 
exposed, and in this respect the smaller capacity is 
also" an advantage. By fixing the platinum electrodes 
in the position shown, the formation of drops of liquid 
between the points is avoided.^ 

The liquid is drawn into the bulb B, by means of a 
piece of rubber tubing 20 cm. long attached to the end 
of the bulb. Too large an excess of oxygen or air 
should not be used for the combustion. In calculating 
roughly beforehand the quantities necessary, the ratios 
given on p. 638 are to be borne in mind, viz. : — 

One vol hydrogen requires ^ vol. oxygen, or approximately 2*5 
vols. air. 

One vol. carbon monoxide requires I vol. oxygen, or approximately 
2*5 vols. air. 

One vol. methane requires 2 vols. oxygen, or approximately 10*0 
vols. air. 

Below certain limits, however, small quantities of these gases in 
presence of comparatively large quantities of indifferent gas do not 
undergo combustion. Under these circumstances explosion can only 
be effected by the addition of oxygen, and in very unfavourable con- 
ditions it may even be necessary to add electrolytic gas in order to 
secure an explosive mixture. In practical f/ork this complication has 
rarely to be resorted to," as the difficulty can be overcome by simpler 
^methods, which will be explained subsequently. 

On the other hand, in dealing with highly explosive mixtures, the 
nitrogen in the gases may also be oxidised, as was first pointed out by 
^Cf. CAm, Zetty 1904, 28, 6S6. The pipette is supplied by H. Hiwld, Magdeburg, 
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*Bunsen. Bunsen^s experiments had reference only to admixtures of 
electrolytic gas and nitrogen, but he concluded that in order to avoid 
the oxidation of the nitrogen in the combustion of gaseous mixtures 
generally, not more than 26 to 64 vols. of combustible gas (inclusive of 
the necessary oxygen) ^l^ould be present for evgry 100 vols. of incom- 
bustible mixture. These ratios form a satisfactory guide in the analysis 
of coal gas. • 

(b) Combustion without Explosion by meaps of Psilladipm.— 
Hydrogen and carbon monoxide are easily oxidised with air when 
passed over heated palladium ; methane does not take part in the com- 
bustion so long as the temperature is not raised too high.^ ^The method 
is, therefore, to be recommended for the estimation of hydrogen and 
carbon monoxide in the presence of methane (fractional combustion) ; 
it gives satisfactory results with small amounts of these gases in the 
presence of large quantities of indifferent gases. The palladium is 
used either in the form of wire or of palladium asbestos, and is placed 
in a ^mall capillary glass tube which is interposed Setween the measur- 
ing burette and a pipette filled with water or a second burette Vpl. 
1 ., - p. 211^. The mixture to be burnt is passed over the heated 

i: ■' ' i 

Fig. 92. 

palladium, and the contraction, and the carbon dioxide fcjrmed by com- 
bustion measured. ♦ 

Palladium wire, first recommended by Bunte,^ is used in the form of 
a very thin filament, about 1-5 cm. long, bent in two, and placed in the 
middle, narrowed portion of a tube of potash glass (Fig. 92)*; the wider 
parts of the tube are lightly stopped with asbestos fibre as a security 
against a possible explosion. The palladium is heated either by a spirit 
lamp or by a very small gas burner. According to Richardt,® the heat- 
ing must only be carried so far that the tip of the flame begins to 
be coloured yellow by the sodium of the glass ; if this condition be 
fulfilled, the combustion of methane does not take place (^ p. 645). 

Palladium asbestos, which was introduced by C. Winkler for fraff- 
tional combustion, is prepared in the following way. Palladium chloride, 
obtained from i g. of palladium, is reduced by the addition of a few cubic 
centimetres of a cold, saturated solution of sodium formate, and sufficient 
sodium carbonate to make ft strongly alkaline, ^nd about i g. of best, 
long-fibred asbestos is placed in the solution ; this should absorb all the 
liquid. The damp mass is allowed to dry at a gentle heat, and in this*^ 
way palladium in a very fine state of division is precipitated on the 

1 G. Denham, y. Soc. Chem. Ind,^ iQoSj 24, 1202, and Vol. I,, p, 211. 

2 /. Gasheleucht.^^Zj 21, 263. ® 1904, 47, 592. 

II 2 S-* 
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fibres, and adheres well to them even when thoroughly dried on the 
water-bath ; the asbestos is finally washed with boiling water and again 
Well dried. The combustion capillary, which is from 5 to lO cm. long, 
and about i mm. internal and 5 mm. external diameter, is filled by 
moistening a few threads of the asbestos with water, twisting them 
together on a piece of filter paper, and thei:^ sliding a piece about i cm. 
long intd ^he middle of the tube ; the capillary is then dried on the 
wateivbath. • * 

The combination of the oxygen with hydrogen or with carbon 
monoxide takes place more readily by means of palladium asbestos than 
with palladium wire. If the gas be passed sufficiently quickly through 
the tube after the combustion has been started, the oxidation continues 
without further heating, and is rendered evident by the glowing of the 
end of the asbestos thread next to the entering gases. 

(c) Combustion of Methane by means of Platinum without 
Explosion. — Methane is completely oxidised when passed with oxygen 
over brightly glowmg platinum. Upon this fact Coquillion ^ based a 
method for the estimation of marsh gas in fire damp ; the gas is passed 
over a platinum wire kept at a red heat by an electric current and placed 
in a vessel connecting the measuring burette with the absorption bulb for 
the carbon dioxide. C. Winkler’s modified form of the Hempel pipette ** 
is more generally useful. The lower neck of the pipette carries a rubber 
stopper with two holes through which pass two strong brass rods,, 
carrying at their lower ends binding screws for conducting the electric 
current. The upper ends of the rods are connected by a platinum wire 
0'3S mm. thick forming a spiral of 6 turns 1-3 mm. wide; water is used 
as the confining liquid. The combustion is started by closing the 
circuit as ?oon as the gas and air mixture begins to pass out of the 
burette into the combustion chamber ; as soon as the water level is 
depressed below the platinum spiral, the reaction takes place quietly 
and without danger. A disadvantage of this method is the necessity of 
having a battery, but in many cases the current from an ordinary 
lighting supply can be used. If the current is too strong the spiral soon 
melts, and if too weak the combustion of the methane is incomplete. 

These inconveniences are avoided in the platinum capillary tube 
devised by. Drehschmidt^ (Fig. 93). This consists of a seamless 
platinum tube about 20 cm. long, 2 ram. thick, and 0-7 mm. internal 
diameter, and containing 3 or 4 pieces thin platinum wire; brass 
connections are soldered to the ends of the tube for connecting to the 
measuring burette and pipette. Two small cooling cylinders, also made 
of brass, are fixed on to the brass tubes just above the bends, as shown 
Before use, the soundness of the tube is tested by first heating it 

Cempt^s rend., 1877, 84, 458. ^ Z anal. Ciem., 1889*. 28. 286. 
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strongly, then closing one end and introducing compressed air at the 
other end (pressure = about 0*3 m. mercury); if the tube be then 
immersed in water any leakage is shown by air-bubbles rising. 

To carry out the combustion, the tube is heated to a bright red heat 
by a broad, fan-shaped Bunspn flame ; the combustion is complete after 
passing the mixture backward and forward twice. Explosions do uot 
occur even when the mixture approaches the composition of electrolytic 
gas, nor does any diffusion of hydrogen take place through the walls of 
the heated tube. 

By means of the methods of combustion described, the volume of 
the three combustible gases, hydrogen, carbon monoxide, and methane 
can be ascertained in four different ways : — 

I. By a single combustion (either by explosion or by means t)f the 
platinum capillary), and calculating the 
different ingredients from the data V, C, 
and CO2, as described on p. 640. 

II. By first burning hydrogen and 
carbon monoxide over heated palladium 
and thus estimating their volumes, and then oxidising the residual 
methane by itself in the platinum capillary and ascertaining its volume 
from the total contraction. 

III. By determining hydrogen and carbon monoxide by burning a 
portion of the mixture over palladium, and exploding another portion 
to find the total contraction C, then : — 

• CH^ = (C~|H + |CO)|. 

IV. By first removing carbon monoxide by absorption with cuprous 
chloride, and then determining the hydrogen and methane either by 
explosion or by fractional combustion. 

{d) Combustion with Copper Oxide. — This method, which is due 
to Jaeger,^ depends on the fractional combustion of the mixture of gases 
over copper oxide at varying temperatures. As the oxygen required 
for the combustion is not added in the gaseous form, the relations of the 
volume changes are very simple ; thus, the hydrogen disappears com- 
pletely on burning and its volume is equal to the contraction, whilst th^ 
methane forms an equal volume of carbon dioxide, which is easily 
measured by absorption. The copper oxide is placed in a small tube of 
the form shown in Fig, 94, which is made of hard Jena glass with a 
capillary on one side and a Somewhat wider tube on the other. To fill 
the tube, large-grained copper oxide is introduced, so that it lies at the 
beginning of the capillary, and a plug of asbestos fibre placed against it ; 
the wide part of the tube is then filled with freshly ignited, powdered 
copper oxide, which is kept in position by a second plug of asbestos. 

GasbeleuchU^ 1898 , 41 , 764 . 
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» * 
The tube is connected by rubber tubing on one side with the measuring 

burette, and on the other side with the absorption pipette charged with 
potassium hydroxide solution. For the combustion of the hydrogen 
the tube is heated to 250"" ; this temperature is controlled by means 
of a thermometer, the bulb of which is placed close against the 
tube. After oxidising the hydrogen and Reading the contraction, the 
thermonseter is removed and the methane then oxidised by heating 
the copper oxide to^ red heat. As the carbon dioxide formed will be 
absorbed by the potassium hydroxide in the pipette, the reduction in 
volume gives the volume of the methane directly. 

As the air enclosed in the tube takes part in the combustion of the 
hydrogen, a correction is necessary for the oxygen thus removed ; this 
is determined once for all, so that the necessary small correction, which 
may amount to about o-8 c.c., can be applied in all the estimations. 

The combustion with copper oxide has the great advantage over 
other methods that the whole of the gas left after absorption can be 



Asbestos, Asbestos. 

Fig. 94. 


taken for the determination, so that any errors do not influence the 
final result to the same extent as when only a fraction of the residue is 
used, A disadvantage arises from the difficulty jn completely burning 
the methane and from the high temperatures necessary for the com- 
bustion, as the tube must be allowed to cool down before reading off 
the volume ; the copper oxide tube must also be reoxidised after each 
analysis. Further details are given under the description of Jaeger’s 
method of gas analysis (p. 657)- Jaeger’s method, however, is frequently 
employed for the determination of the percentage of nitrogen only in 
gases ; the percentage of nitrogen obtained in this way is more accurate 
than that found by the explosion method, in which it is always taken by 
difference, and is, therefore, subject to the combined errors in the 
.determination of all the other constituents. 


D. Mode of Procedure in Gas-volumetric Analysis 

It is customary to distinguish between exact” and “technical ” gas 
analysis in respect to the method of working adopted. In the former, 

^ mercury is usually employed as the confining liquid, and the smallest r 
possible quantities of liquid are used for the absorption of the gases, so 
as to avoid the simultaneous absorption of other gases which are 
dissolved to a slight extent in aqueous solutions ; also, the pressure and 
temperature are taken for each reading, and the gaS volume corrected 
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to normal conditions. The nprmal volume is the volume which the dry 
gas occupies at 760 mm. mercury pressure and o'"C. If the observed 
gas volume be denoted by V, the temperature by the barometric 
pressure by and the pressure of aqueous vapour at f by s, then, 
according to the laws of jGay-Lussac and Boyle, Ijie normal volume : — 


V =’v, ^ 23 _ 

273+^ 


X 


h-s 

760 


1*1 


In technical gasworks analysis where the test is made by the litre or 
cubic metre, the correction is usually not made to normal volume, but 
to the volume of the gas, saturated with moisture, at 60° F. and 30 in. 
pressure ( = 15° C. and 760 mm. ; see p. 625). 

The gas reduction Tables VI. and VII., given in the Appendix to 
Vol. I., can also of course be used for making the necessary corrections 
for the volume of dry gas at C. and 760 mm. A table is given on p. 690 
to facilitate the correction to the volume of moist gas at 60° F. and 30 in. 
press^ire. 

A very convenient and useful “gas-calculator” for the correction of 
the volume^ of gases to normal temperature and pressure has recently 
been devised by R. C. Farmer.^ 

In technical gas analysis, water, or occasionally aqueous solutions, 
are used as the confining liquid, and no correction is made for the 
solubility of the gases concerned. According to Bunsen, the solubility 
of the following gases in i volume of water at 15° is : — ^ 


Nitrogen 

Hydrogen 

Oxygen 


, o.oiS 
. 0.019 

0.030 
Ethylene 


Carbon dioxide . 1.032 

Carbon monoxide 0.025 

Methane . . 0.039 

0.162 


More recent determinations by L. W. Winkler give the values for 
oxygen and nitrogen at 16° as 0-033 and o-oi6 respectively. 

The extent of the absorption of gases by the confining liquid corre- 
sponds to the partial pressures of the several ingredients ; with air, for 
instance, the absorption coefficient iso*oi8. The error introduced by 
the absorption is sometimes compensated by previously saturating botR 
the confining liquid and the absorption reagents with the gas to be 
analysed or with gas of similar composition. 

A further inaccuracy in technical gas analysis may arise from 
variations in pressure and temperature that ,may occur during the 
course of the analysis and which are not fully corrected. Variations in 
pressure are hardly ever likely to occur during the period of an analysis 
a change in pressure of i mm. corresponds to a change in volume of 

^ Analyst^ 1*910, 35, 308. The gas-calculator ** is supplied by Messrs Baird & Tatlock, 
Hatton Garden, London^.C. 
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0*1 per cent A change in temperature of i"" corresponds to a change 
in volume of 0*3 per cent ; it is, therefore, essential that the temperature 
of the room in which the analysis is conducted should be kept as 
uniform as possible ; a northerly aspect for the room is always prefer- 
able. The most effectjye means of minimisingo changes in temperature 
is to provide the measuring tube of the apparatus with a water-jacket, 
and if possible to run a current of water of constant temperature 
through the jacket ^during the test. In the more accurate forms of 
apparatus in which mercury is used as the confining liquid, a compen- 
sating or “ correction” tube is attached to the measuring tube by means 
of which the gas-volumes are corrected to normal temperature and 
pressure ; this arrangement is described in connection with Sodeau's 
appar«.tus (Vol. L, p. 219). A “correction” tube can also be attached 
to the Hempel burette, but it is not commonly employed. 

3. APPARATUS FOR GAS ANALYSIS 

Of the many fc^ms of apparatus for gas analysis that have^becn 
dpised, those of Bunte, Orsat, Hempel, Sodeau, and F. Fischer have 
been described in the section on Technical Gas Analysis, Vol. L ; 
the last three of these are applicable to the complete analysis of coal 
gas. The adaptation of the Bunte burette for this purpose is fully 
described in the German edition,^ in which an account is also included 
of Drehschmidt’s apparatus ^ for gas analysis ; neither of these forms of 
apparatus arq.in general use in this country for the complete analysis 
of coal gas. The apparatus devised respectivelyfoy Pfeiffer, Bone and 
Wheeler, and Jaeger, the last especially in reference to the estimation 
of nitrogen, are described below, as these have not been included in the 
section onT'echnical Gas Analysis in Vol. I. 

I. Pfeiffer's Apparatus.® 

The following considerations have been put forward by Pfeiffer 
in regard to the method of analysis adopted with his apparatus. 

Since the errors that may arise in the estimation of carbon mon- 
oxide by absorption with cuprous chloride are not altogether overcome 
by using a second absorption pipette, as a partial absorption of the 
residual gases, other than carbon monoxide, may possibly occur, 
Pfeiffer is of opinion that it is both simpler and more accurate to 
estimate the carbon monoxide by explosion, simultaneously with the 
determination of the hydrogen and methane. From his experience he 
regards it also as preferable to oxidise the hydrogen and methane together, 
^rather than to adopt the method of fractional combustion. From these 
considerations the course of analysis adopted consists in the successive 
estimation of the carbon dioxide, heavy hydrocarbons, oxygen, and 

i, Vol^ IIL, pp. 254-261. 2 Ihid,, pp. 264-266. /. C^ekuchi., l$99, 4a, 209. 
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possibly the hydrocarbon vapours by absorption, and the combustion of 
the residual carbon monoxide, hydrogen, and methane. By estimating 
the carbon dioxide formed, the total contraction, and the residual 
nitrogen, after the removal of the excess of oxygen by means of 
phosphorus, the necessary data for calculation on the lines described on 
p. 638 are obtained. A^com'^plete analysis of coal gas can be carried out 
by this method in three-quarters of an hour, and very accurate results, 
it is stated, can be obtained. ^ ^ 

The apparatus ^ consists of the burette and levelling flask (Fi^. 95), 
two or three absorption pipettes (Fig. 90, p. 633), a phosphorus pipette, 
and an explosion pipette (Fig. 91, p. 642), 

The burette B, which serves as the measuring tube, is provided with a 
stopcock and funnel, and is attached 
to the pipette P, as shown ; the capacity 
of the burette is 100 c.c. The lower 
end of the burette is connected by the 
rubl^er tubing S, with the levelling 
bottle N, of 300 c.c. capacity. Water 
acidified with 0*5 per cent, of sulphuric 
acid is used in the confining liquid ; this 
addition is to prevent the absorption 
of carbon dioxide and to take up 
ammonia vapour after the absorption of 
the hydrocarbon vapours. 

To take the sarqple of the gas, the 
burette B is first filled completely with 
water by raising the levelling vessel and 
opening the stopcocks 3 ^^ and b and the 
sample then drawn in by lowering the 
levelling bottle in the usual manner, 
until the volume of gas is a little below the 
zero mark ; the stopcocks are then closed, and the levelling bottle again 
raised. To measure off exactly 100 c.c., the lower stopcock is carefully 
opened and the water allowed to rise to the true zero ; the upper stop- 
cock is then momentarily opened, and the volume checked in the usi^l 
manner with the levelling bottle N. In the first reading the zero lies 
as much below the zero mark as is equivalent to the content of the 
capillary at since the latter is filled with water in the subsequent 
measurements and the ic^ c.c. graduation is at the lower end of the 
capillary. This correction (generally o*2 c.c.) Is, therefore, determined 
once for all as follows : — Air is introduced into the burette to about th^ 
division 90, then water until the capillary at b is filled, the stopcocks 
closed, and the reading taken after two minutes ; meanwhile the water 

^ The complete ap^wiratus is made and supplied by H. Hdrold, Glassbiower, Magdeburg. 
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A raoillarv tube of the stopcock, the 

is C6mpletely °pil£“to th/buretle and another readins 

rr reTfrerl^ be,2"X two readings gives the capacity 0 
t^ken , t advantageous to use a meniscus screen, such as that 

I o 4Q^ in taking the readings, ^o as to avoid parallax. 
AftaS^ved fo™ if burette design4 by Keiffer.t especiaUy for 
the aLysfs of coal gas. is shown in Fig 96. 

'thfbSt^ f 

latter is provided with a mark m, which serves for measuring 



Fig. 96. 


Fig. 9T. 


gas residue taken for combustion. The total capacity of the pipette 
between the two stopcocks is sufficient to contain the vdume of air 
requisite for the combustion of the above gas residue. The relative 
capacities of the two spaces, for coal gas and for carburetted water ga.s, 
should be about i ; $• The capacity of the burette to m is marked (R), 
also the total capacity, J, and the volume oi nitrogen contained in J 

when filled with air, Nj. , t. 

^ Car&on dioxide. The pipette (Fig. 90, p. 633) is filled up to the tap 
with potassium hydroxide, and is connected with the burette as shown 
in Fig. 95. The stopcocks of both the burette and pipette ace turned 
J Chem,^ 1907, ?0, ZZf 
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to the position in which the two funnels communicate with each olTher, 
water poured into one of them to expel the air from the connection 
the stopcocks of the pipette and of the burette turned througji 
i8o°, and the gas transferred from the burette into the pipette. While 
it is passing over, the contents of the pipette are shaken for a moment, so 
as to mix the water from the capillary connections with the alkali. As 
soon as the water reaches the stopcock the burette stopcock b js closed ; 
the absorption is complete in one minute. The is thenf syphoned 
back to the burette by lowering the levelling bottle until the ^alkali 
reaches the stopcock p of the pipette, which is then turned through i8o®, 
and the gas in the capillary, p-s-b, 'washed out as before by means of the 
water in the pipette funnel. The burette stopcock b is then closed and 
the reading taken as usual, after allowing to stand for one minute;^ 

Benzene vapour , — This is absorbed with ammoniacal nickel cyanide 
solution (cf. p. 635) ; after shaking for three minutes (it is preferable to 
facilitate the shaking in this case by detaching the pipette), the residual 
gas IS returned again to the burette where th« absorption of the 
ammonia vapours is effected by the acidulated water used as the con- 
fining liqiyd. As a check, about 0-5 c.c. of fresh acidulated wafer ds 
introduced into the burette from the pipette funnel. 

Total Heavy Hydrocarbons^ or only ethylene if benzene is previously 
absorbed, are determined by absorption with bromine water, and the 
iDromine vapours subsequently removed by potassium hydroxide; three 
^^utes, with frequent shaking, are necessary for the absQ^rption. 

. ^ Oxygen is estimated in the phosphorus pipette. The capillary space 
between the pipette and burette is cleared by forcing the water from 
the pipette into the burette funnel by attaching a piece of rubber tubing 
to the open end of the pipette and blowing. 

Carbon Monoxide^ Hydrogen^ Methane,, and Nitrogen, The explosion 
pipette (Fig. 91, p. 642) is used for the estimation of these gases. In 
the analysis of coal gas from 20 to 22 c.c. of the gas left after absorption, 
which requires about five volumes of air for combustion, are first 
measured off in the burette by allowing the excess to escape ; since, in 
doing so, the capillary at b is freed from water, its capacity, as determined, 
must be added to the reading. The burette and explosion pipette are 
then connected, the air in the connecting capillaries displaced as in the 
case of the phosphorus pipette, and the gas passed over. The explosion 
pipette is then disconnected and the burette filled with air. The air 
is then transferred to tlie explosion pipette (Fig. 91), the water 
allowed to rise as far as the bulb of the pipette, the stopcock a then 
closed, and the small quantity of water remaining in the explosioi!> 
chamber A withdrawn into the reservoir B, so that only the V-shaped 
connection remains filled with water ; the stopcock b is then closed. An 
electric spark is then passed through the mixture in the usual manner, 
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the pipette stopcock carefully opened so that the enclosed watei comes 
back into the explosion chamber quietly, and the residual gas, consisting of 
nitrogen, carbon dioxide, and a little oxygen passed back into the burette. 

' The carbon dioxide formed in the combustion is then absorbed with 
potassium hydroxide, and the excess of oxygen with phosphorus, 
whereby a direct measurement of the total nitrogen, inclusive of that 
added as^air, is obtained. 

Calculation. The gas residue after absorption admits of the follow- 
ing calculations : — * 

H = V-CO, 

CO = CO, + V-|-C 
CH, = l-C-V 

The sequence of the separate readings and the resulting data are 
shown in the following analysis 


Headings. 


Data. 

In Besiduo B. 

In 100 part.s 
of Gas. 

— II 

A. Absorption, 

Ipitial reading . . •• 100*0 

After absorption with Alkali . 98*3 




CQ, 

• 

1*70 

After absorption with Nickel 

solution . . . 97*27 




C„H„ 

= 1*03 

After absorption with Bromine 94*48 





= 2*79 

After absorption with Phos- 
phorus . . . .93*7 


... 


0 

= 0*78 

B. Explosion, 

Gas residue takeif (R) . .22*4 

V 

= 21*55 

H = 13-75 

H 

= 67-51 

Air added (]) . . .118*1 


... 

CH 4 t 6-05 

CH 4 

= 25-31 

Reading after explosion . 101 *9 

C 

= 41*40 

CO = 1-75 

CO 

= 73-2 

Reading after absorption with 

Alkali . , . . 94*1 

COg 

5 = 7*80 




Reading after absorption with 

Phosphorus . . . 90*25 

Ni 

= 89*40 

N = 0-85 

N 

= 3-56 


2. Bone and Wheeler’s Apparatus. 

This apparatus,’- which is exceedingly convenient for the rapid 
analysis of all gases met with in gasworks, is a simplified form of the 
apparatus employed by Bone for research purposes,- which was in turn 
ar modification of the Frankland apparatus, including alterations intro- 
duced by Macleod and Dixon. 

The general character and arrangement of the various parts of the 
apparatus is shown in Fig. 98. It comprises, essentially, three parts, 
viz, : — (i) a water-jacketed combination of measuring and pressure tube.s, 
A and B, conamunicating, through the glass tap, C, with the mercury 
;>eservoir, D ; (2) an absorption vessel, F, standing over mercury in a 
mahogany trough, G ; (3) an explosion tube, E, fitted with firing wires, 
and connected with a separate mercury reservoir, H. All the conncc- 

'^J. Soc. C/iem. hid., 1898, 27, lo, a Proc. ClumfSoo., 1898, p. 1 54, 
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lions between A, E, and F are of capillary bore throughout, with 
suitable glass taps wherever necessary. The diagram also shows how 
connection is made between the measuring tube, A, and the special 
“ sampling tube,’^ K, whenever the latter is employed for the introduction 



Fig. 98. 


of the sample under examination. The sample may also be introduced 
into the apparatus, from an ordinary test tube, under the wide, open end 
of the absorption vessel, F, which has been previously filled with 
mercury. Before commencing an analysis, the whole of the apparatus, 
including all tho?» connections between A, E, and F is completely filled 
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with' mercury, and all the subsequent operations are conducted over 
mercury. 

The various parts of the apparatus are suitably mounted on a strong 
wooden stand (oak or teak), with four vertical steel rods supporting the 
shelf upon which the mercury trough, G,^rest^; the same rods also 
carrying another shelf ‘for reagent bottles.* Proper provision is made 
for the raising or lowering (to the grouncl level, if required) of the 
mercury reservoir, D, by means of a wooden .carrier with suitable pulley 
and ra'tchet wheel. The whole apparatus stands in a wooden tray 2 ft. 
4 in. by i ft. 6 in. with i in. raised sides. 

The salient feaures of the working of the apparatus are as follows : — 

(i) The principle of measurement employed is that first introduced 
into g%s analysis by Regnault, and subsequently adopted by Frankland, 
viz., the measurement of the pressure of the gas (in mm. of mercury) at 
constant volume. For this purpose the gas is brought to a certain 
“ constant volume ” mark in the measuring tube, A (by suitable mani- 
pulation of the mercwry reservoir D and the tap C), and its pre.<isure 
read off on the pressure tube, B. There are a series of such “ constant 
volunie” marks on A,* each coinciding with a 100 mm. miyk on the 
pressure tube, B (ie., with o, 100, 200, etc., mm.), so that the actual 
pressure of the gas is given by subtracting from the “ pressure read- 
ing” the numbers o, 100, or 200, etc., according to the particular constant 
volurne mark selected for the analysis. The tubes A and B are made in 
one piece, which is surrounded by a water jacket, and their inner 
surfaces are kept moist with very dilute sulphuric »acid (i in 20) as a 
precaution against the accidental fouling of the measuring tube with 
alkalis; the wetting of A and B with the same liquid eliminates the 
influence of, water vapour upon the gas measurements, the various 
pressures representing those of the dry gas under examination. The 
tap closing the upper end of the pressure tube is connected with it by 
means of stout rubber pressure tubing, a device which gives a perfectly 
tight joint with sufficient elasticity to prevent fracture in case the 
mercury in B is inadvertently allowed to run up the tube with unusual 
velocity. This tap also allows of the vacuum being easily made in B 
whenever necessary. The advantages of this mode of measurement 
over the more usual method of determining the volume under atmos- 
pheric pressure are twofold, viz., (i) it allows of the use of smaller 
volumes of gas for an analysis, thus from 5 to 10 c.c. of gas can be made 
to have a pressure of 100 ^mm., according to t?ie particular volume mark 
selected, and this pressure can easily be read off to within o-2 mm. 
without^ employing a telescope ; and (2) the measurements are, of 
course, independent of the barometric pressure, and at the same time 
are unaffected by the tension of aqueous vapour. 

( 2 ^ The length of the pressure tube, B (about 700 «im.), amply pro- 
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vides for the proper dilution of the explosive mixture ” in an explosion 
analysis, even in the case of a rich gas such as coal gas. 

( 3 ) The arrangements for the various “absorptions are of the simplest 
character, all being carried out over mercury in the one absorption vessel, 
F, in each case with 3^ coipparatively small vglume of the particular 
reagent, which is always usejd fresh and is at once discarded after use. 

To facilitate the introduction of the various reagents, and the rinsing 
out of the absorption vessel with water or dilute sulphuric ^cid m situ 
between each successive reagent, the wide (open) end of the vessel is 
immersed under the mercury in the trough, G, whilst the top terminates 
in a capillary three-way tap. One of the parallel branches of this 
tap communicates through a stout rubber joint, with the measuring 
vessel, A, and the other with a water pump, a large bottle* being 
inserted between the pump and the absorption vessel to serve as a trap 
for either the mercury or the reagent which is being discarded after use. 
The insertion of a tap between the pump and the bottle obviates the 
necessity of the continuous exhaustion of the lattef, a single exhaustion 
at the outset of an analysis being all that is reqqjred. 

From ^ to 5 c.c. of the reagent to be used is introduced into the 
absorption vessel (previously filled with mercury), by means of a suit- 
able pipette, from below the surface of the mercury in the trough. Any 
minute bubble of air accidentally introduced with the reagent can be 
got rid of by cautiously opening the branch of the tap leading to the 
above-mentioned exhausted bottle ; the same device allqjvs of the com- 
plete withdrawal of* the reagent after use, without taking down the 
absorption vessel, and also of the rinsing out of the latter in situ with 
water, or dilute sulphuric acid, before the next reagent is used. 

The apparatus is arranged for fixing at the right-hand end of the 
laboratory bench, the guide rail for the mercury reservoir D being 
extended to the ground level. A water supply and suitable waste pipe 
are required for the circulation of water through the water jacket 
surrounding the measuring and pressure tubes, and a filter pump for 
evacuating the large bottle used as a trap for the waste reagents and for 
any mercury carried over with them. 

As the gas during the analysis is for the most part under consider- 
ably less than atmospheric pressure, it is essential for accuracy that the 
stopcocks should be perfectly tight ; provided that care is exercised in 
their selection, and that Jhey are carefully lubricated, no difficulty is 
experienced in this respect. A suitable lubricant is prepared by heating 
a mixture one part of vaseline and one-tenth to one-fifth part of paraffin 
wax on the sand-bath, and adding soft rubber clippings (preferably 
unvulcanised rubber), stirring well till all the rubber is dissolved. The 
amount of rubber required varies considerably according to the quality 
used, and fresh <Jliantities should be added until the mixture, on^cool- 
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ing/has attained the desired consistency. In cleaning the stopcocks a 
soft linen rag should be used, to avoid any abrasion of the ground 
surfaces. After each analysis the apparatus should be washed out with 
S per cent, sulphuric acid. 

In the analysis of ^illuminating gas, the sequence of operations is 
similar to that adopted with other forms^ of apparatus. The carbon 
dioxide ia best absorbed with 25 per cent, potassium hydroxide solution, 
and the fteavy hydrocarbons with a solution of bromine in aqueous 
potassium bromide, followed by potassium hydroxide. For the absorption 
of oxygen, S to 8 c.c. of very concentrated potassium hydroxide solution 
are first placed in the absorption vessel, and then 2 c.c. of pyrogallol 
solution (i oz. in 100 c.c.). For the carbon monoxide, two absorp- 
tions with 8 to 10 c.c. of the solution of ammoniacal cuprous chloride, 
made up as described on p. 637, are made, and the gas washed with 5 
per cent, sulphuric acid. 

The whole of the residue is mixed with at least twice its own volume 
of excess oxygen (fr air, the quantity of gas originally taken feeing 
regulated to allow of^this being done. The gas is transferred to the 
explosion tube, fired in the usual manner, under reduced pressure, then 
drawn back into the measuring vessel, and the contraction determined. 
The carbon dioxide formed by the explosion of the methane is then 
determined by absorption with potassium hydroxide. 

The following table shows the method of recording the results in 
the case of an^nalysis of coal gas : — 

V « Constant volume mark selected on measuring tube. 

R = Reading of barometer tube when gas is brought to the constant 
volume mark selected. Hence, R - V = pressure of gas. 

T = •Temperature of water jacket. 

C = Contraction on explosion. 

A = Absorption by potassium hydroxide after explosion. 



Constant 






Mark, 

V. 

T. 

B. 

Difference. 

Bemarks. 

Original gas . 

■^fter KOH . 

0 

0 

15'“‘2 

15“-2 

168-0 

164-0 

i’-b 

Gas taken =168-0. 
CO2=4-0xl00-r 168-0 

. Br . . 

0 

15°-2 

158-1 

5-9 

—2*4 per cent. 
C„H„=5-9x100 4-168-0 

n Pyrogallol 

0 

15'’*2 

167-6 

0-5, 

=3*5 per cent, 
O~0-5xl00-M6S-0 

,, CU 2 CI 2 • . 

0 . 

16^*2 

143-3 

14-3 

^ _ =0*3 per cent 

C0 = 14-3xl00-fl68’0 

^Oxyg^n added . 

0 

15°-2 

588-1 



=8*5 per cent. 

After explosion 

» KOH . . 

0 

15'’-2 

359-5 

228-6C 


CH4=:62*9xl00*f 108*0 

TT ^ =31*5 per cent. 

H=|(228*6-2x62*9)x100 

0 

15'‘*2 

306-6 

62'9A 


-r 168*0 =48*7 per cent 

- y- — 
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Therefore : — 

COg = 2.4 per cent. CO == 8.5 per cent. 

= 3*5 )) ^^^[4 “ 3^*5 j) 

O2 = 0.3 j, Hg = 48.7 „ 

N (by difference) = 5.1 per ce*it. 

3, Jaeger’s Apparatus. 

The method of analysis adopted by Jaeger^ consists in the estima- 
tion of carbon dioxide, 
heavy hydrocarbons, and 
carbon monoxide by ab- 
sorption, followed by the 
fractional combustion of 
hydrogen and methane over 
copper oxide at different 
temperatures ; no air is 
added for the combustion, 
so that tl^e whole of the 
residual gas after the ab- 
sorptions can be used for 
the estimation of these 
constituents. A further 
advantage of the method 
is that the nitrogen oan be 
determined directly. 

The apparatus em- 
ployed is shown in Fig. 

99. The burette is a 
modified form of that of 
Bunte, narrowed at the top 
to permit of rnore accurate 
readings and provided with 
a side exit tube ; it is en- 
closed in a water jacket. 

The absorptions are carried 
out with pipettes, such as 
those of Hempel, on th^ 
usual lines. For the frac- 
tional combustion of the 
hydrogen and methane, the copper oxide tube (Fig. 94, p. 646) is con- 
nected up with short pieces of rubber tubing, bound with wire, 
to a Hempel pipette filled with potassium hydroxide solution on 
^ /. GmbekuchU^ 1898 , 41 , 264 ; Z, angew^ Chem,^ 1899 , ^ 2 , 173 , 
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the^ one side, and with the side tube of the burette on the other. 
Below the combustion tube is placed the Bunsen burner b, which is 
provided with a special regulating tap and a fan-shaped fitting to the 
burner. A framework of sheet iron attached to the burner carries a 
cover in which a short thermometer graduate^d up to 270 is fixed so 
that its bulb lies close to the side of tlie combustion tube. At the 
beginning of the test the solution in the pipette is forced up to the 
mark m dl the capillary by blowing throughethe tube i’g when the upper 
burette cock is in position I. ; the stopcock is then closed with a 
quarter turn (position III.), and the tube slowly heated to 250^ and 
kept at this temperature with as little variation as possible. As soon 
as this temperature is reached the upper stopcock of the burette is 
opened (position II.), then the lower one, and the levelling bottle raised. 
By passing the gas slowly from the burette to the pipette and back 
again the hydrogen is completely oxidised. After allowing to cool, the 
water in the pipette is again brought to the mark m and the residual 
gas measured. « 

A correction has to be applied for the oxygen of the air initially 
enclosed in the combustion tube, and which participates in th^ oxidation 
of the hydrogen. This is made, once for all, by filling the burette with 
pure hydrogen and determining the value of the correction ; it amounts 
to approximately 0*5 c.c. and is to be subtracted from the hydrogen 
contraction found. The correction must also be taken into account 
in the determination of nitrogen at the end of the analysis. 

For the subsequent combustion of the methane, the cover with 
thermometer over the combustion tube is removed, the tube heated 
with a more powerful flame to a bright red heat, and the gas repeatedly 
passed ovej: the copper oxide till no further decrease in volume takes 
place. The carbon dioxide formed by the combustion is retained in 
the alkali pipette; the decrease in volume, therefore, corresponds 
directly (without correction) to the methane present. The residual 
gas must be allowed to cool completely to the temperature of the 
room before taking the final reading. 

The incombustible gas residue, increased by the volume of the 
«‘xygen previously enclosed in the copper oxide tube and afterwards 
consumed (correction value), gives the nitrogen content of the gas. 

For the determination of the percentage of nitrogen only in a 
sample of gas, the latter is placed in the burette, the copper oxide tube 
at once heated to a high temperature, and^ the gas passed backwards 
and forwards into the potash pipette until no further contraction 
occurs. The whole of the gaseous constituents, other than nitrogen, 
are thus completely removed, and the residual volume of gas, read after 
complete cooling, plus the previously ascertained correction for the 
oxygen content of the copper oxide tube, gives difectly the amount 



SPECIAL METHODS OF ESTIMATION 


m- 


of nitrogen in the gas, and its percentage if loo c.c. have been taken. 
Where many such tests have to be made, it is convenient to displace 
the air in the copper oxide tube by nitrogen previous to the test, in 
which case no correction is necessary. 

After each test the copper oxide tube must* be heated in a current 
of air to reoxidise the reduced copper. 

The results obtained by this method are satisfactory ^ regards 
accuracy. The combustion of the methane is, however, very slow, and 
varies greatly according to the physical condition of the oxide of copper. 

E. Special Methods of Estimation of certain Constituents 
IN Crude and Purified Illuminating Gas 

Certain of the constituent gases and vapours present in illuminating 
gas cannot be readily estimated by the methods of volumetric gas 
analysis described above. In some cases, such as that of ethylene, this 
arisen from the fact that no specific absorbent is known apart from those 
for other heavy hydrocarbons, whilst in the case of others, such as 
carbon bisylphide and naphthalene, the quantity present is too small to 
be estimated by the diminution in volume effected by direct absorption. 
In such cases special gravimetric, volumetric, or colorimetric methods 
are employed. 

In general, the same methods may, with slight modifications, be 
employed both in testing the crude and purified gas, the amount of 
reagent employed ai?d quantity of gas passed in the test being varied 
according to the amount of the particular constituent which is expected 
to be present. 

In making tests with crude gas, certain precautions musrbe taken if 
results of any reasonable degree of accuracy are to be obtained. The 
interior surface of the mains of the manufacturing plant is usually 
coated with tar and ammoniacal liquor or water, and if gas be taken for 
such tests from a cock on the main, or from a small service pipe leading 
from the main, the slow stream of gas employed in making the test is 
largely drawn from that travelling along the surface of the main, which, 
by the action of the tar and liquor on that surface, is often materially 
altered in composition as compared with the bulk of the gas passing 
through the main at that point, with the result that incorrect and often 
very misleading results are obtained. The most satisfactory plan is to 
place a cork carrying a piece of glass tubing into a suitable hole bored 
in the main and closed by a plug when not in use, the end of the glass 
tube projecting well into the main. The other end of this tube is 
coupled, with as short connections as possible, to the absorbing apparatus, 
rubber connections being avoided as far as practicable; and where 
connections have \o be made with such tubing, the ends of the g^ass 
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tubes joined should be brought dose together within the rubber tube^ 
so as to expose a minimum of rubber surface to the gas. 

^ Where a direct connection to the main cannot be made in this 
manner, and a service pipe leading from it must be utilised, arrangements 
must be made to ensui;e the passing of a rapii^ stream of gas through 
the latter whilst the test is in progress, the gas actually used in this 
test being taken off from this service by means of a suitable T-piece. 
These precautions are also advisable even .when testing purified gas, 
although the error caused by their non-observance is usually not so 
great 

The constituents, for which special methods of estimation are 
described, are as follows (i) Ethylene, (2) Benzene vapour, (3) Acety- 
lene, '(4) Oxygen, (s) Carbon dioxide, (6) Carbon monoxide, (7) 
Sulphuretted hydrogen, (8) Carbon bisulphide, (9) Total Sulphur 
compounds other than sulphuretted hydrogen, (lo) Ammonia, (11) 

Hydrocyanic acid, (12) Naphthalene, (13) Tar-fog. 

• 

I. Ethylene. 

' As already mentioned, both benzene vapour and ethylene are com- 
pletely removed from coal gas by the action of bromine, but whereas 
the latter combines with the bromine to form the stable compound, 
ethylene dibromide, C^H^Brj, the benzene vapour appears to be 
mechanically removed as a mixture of bromine and benzene, or possibly 
as a very unsteble additive compound, which yields up the whole of its 
bromine to any substance which reacts readily with bromine, such as 
potassium iodide. Haber and V. Oechelhauser ^ have based a method 
for estimating ethylene, and indirectly benzene, in coal gas on this 
difference »f behaviour. 

About 90 c.c. of the gas are run into a Bunte burette, the confining 
water sucked out in the usual manner, and a standard solution of 
bromine water (about half saturated) allowed to run into the burette up 
to a definite mark, which is noted (e.g-., the 5 c.c. mark). A little water 
is then allowed to enter to clear the capillary tube and stopcock of 
bromine water, and the burette shaken for two minutes, after which the 
Colour of bromine vapour should still be distinctly visible. After a 
further three minutes, a solution of potassium iodide is sucked into the 
burette, the latter washed out with water, and the iodine liberated by 
the unaltered bromine titrated with sodium thiosulphate and starch. 
A blank test of the bromine water is made t>y drawing up some of the 
solution to the same mark as before, adding potassium iodide, and 
'titrating the solution with sodium thiosulphate and starch. The 
difference in the quantities of Njio thiosulphate used in the two tests 
gives the amount of bromine which has combined chemically with the 
^ J, GashdeuchU^ igoo, 43, 347. • 
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ethylene; i c.c. of A710 thiosulphate corresponds to 1*2 c.c. of ethylene 
at 15° and 760 mm., or 60° F. and 30 in. 

Homologues of ethylene, if present, also combine with bromine, but 
as unit volume of any olefine combines with the same quantity of 
bromine, the total volume of ^)lefines is correctly given by the test. Un- 
saturated hydrocarbons of qfher series, such as acetylene and its homo- 
logues, interfere with the results, as these absorb a much Isttgof amount 
of bromine. For coal gas the amount of such hydrocarbons is too*small 
to have a material effect, but according to Fritzsche,^ they are present 
in oil gas in considerable quantity, and the method is not applicable to 
such gases. 

2. Benzene. 

The method of volumetric estimation by means of ammoniacal 
nickel cyanide has been described (p. 635), but sufficient experience has 
not yet been gained with the process under varying conditions to judge 
of its reliability. When the ethylene has been -determined by the 
method described above, and the total percentage of heavy hydrocarbons 
by absorption with bromine or fuming sulphuric acid, that of benzene 
is given by^the difference between the two values. 

Numerous other methods have been proposed, but none of them 
have been generally adopted, partly on account of their being only 
approximate, and partly on account of the complicated mode of 
procedure suggested. According to Pfeiffer, a fair approximation of 
the amounts of olefines and benzene hydrocarbons may be calculated 
from the specific gravity of the gas as determined by one of the 
methods described later. From this observed specific gravity and the 
percentages of the remaining constituents, the specific gravity of all of 
which are known, the average specific gravity of the heavy hydrocarbons 
may be calculated. As the average specific gravities of the olefines 
present in coal gas is about i-o, and that of the benzene hydrocarbons 
about 1*8, then if the specific gravity of the heavy hydrocarbons thus 
found by calculation is i-, the volume percentage of benzene is found 
by the equation : — 

Benzene per cent, by volume = 

The percentage of ethylene is found by difference. 

St Claire Deville ^ deterr^^ines the amount of benzene and its homo- 
logues by passing the dried gas through a glass .cooling-coil surrounded 
by a mixture of ice and salt, thus cooling to —22° ; the condensed hydro- 
carbons are collected in a tube and weighed. A correction is made for 
the amount of benzene still left in the gas at this temperature, which 
amounts to 23-5 g. of benzene per cubic metre (0*67 g. or 10*33 grains 
J", Gashehucliu^ 1902, 45, 281. ^ Ibid.^ 1899, 42, 652, 
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per cubic foot). Harbeck and Lunge/ have described a method of 
determination by conversion into dinitrobenzene which has been much 
Amplified by Pfeiffer.^ The latter converts the benzene vapour into 
dinitrobenzene by treating about 500 c.c. of the gas, contained in a 
separating funnel, wiUi sulphuric and nitric acids, and estimates the 
dinitrobenzene produced by titration with^ stannous chloride according 
to Lim];frjcht’s method.^ 

FiOr most gasworks purposes, the deteymination of the amount of 
benzene is rarely required, but in coke-oven works where the gas made 
is frequently washed with tar oils to recover the vapours of benzene 
and its homologues, a knowledge of their amount is desirable. The 
method usually adopted is to pass from 40 to 100 cb. ft. of gas through 
a sefles of four bottles, each charged with about 150 c.c. of heavy tar 
oil, which has been previously distilled till the thermometer in the 
vapour reaches 270°. The gas is bubbled through the bottles at a rate 
not much exceeding i cb. ft. per hour, and when the required amount 
of gas has been passed, the combined oil from the flasks is diiitilled, 
using a 3-bulb Le Bel-Henninger fractionating column, the distillation 
being continued up to 140°, and the distillate collected in ^ measuring 
cylinder. This consists chiefly of benzene with smaller quantities of 
toluene and xylenes. The method is, of course, not a very exact one, but 
gives results which agree fairly closely with the yields actually obtained 
on the large scale in the extraction of the benzene hydrocarbons. 

Vapours «of higher boiling liquids in the gas may be estimated 
approximately in a similar manner. In this case about 100 cb. ft are 
passed through a train of wash-bottles containing heavy oils previously 
freed from low-boiling constituents. The contents of these are then 
distilled ISII the thermometer reaches 270°, and the distillate then 
fractionated, using a 3-bulb Le Bel-Henninger column, and the volume 
of distillate for each 10° interval, up to 210°, measured. 

3. Acetylene. 

This hydrocarbon is only present in coal gas in small quantity, 
^generally not exceeding o-i per cent. For its estimation, the gas, 
purified if necessary from sulphuretted hydrogen, is passed through 
two Volhard absorbing bottles, each charged with 20 c.c. of concen- 
trated ammoniacal silver nitrate solution, which absorbs the acetylene 
with formation and precipitation of silvertacetylide, some silver being 
also formed by the reducing action of other constituents of the gas. 

. The filtered and washed precipitate is cautiously treated with dilute # 
hydrochloric acid on the filter till acetylene ceases to come off, the 
resulting mixture of silver chloride and silver digested with ammonia, 

^ Z anorg, Chem.^ 1898, 16, 41. 

• V GaMmcht., 1899, 42, 697 ; Chem. ZeiL, 1904, 28, 884. * a Ber., 1878, 11, 35. 
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filtered, the precipitate washed with ammonia, and the combined 
filtrates treated with nitric acid to precipitate the silver chloride, which 
is filtered off, and weighed ; i g. of silver chloride corresponds to 
0*09072 g. or 84*03 C.C. of acetylene measured moist at 15° and 760 mm. 

4. Oxygen. 

The technical importance of the determination of oxyge|3*is more 
especially in connection with the purification of illuminating gas# from 
sulphuretted hydrogen by means of oxide of iron, and also (where this 
is carried out) of carbon bisulphide by means of lime. In order that 
the oxide of iron used may be revivified m situ the gas entering the 
purifiers should always contain some oxygen. The most suitable propor- 
tion depends somewhat upon local circumstances, but as a general rufe, it is 
found that the average percentage of oxygen should be rather more than 
one-half the average percentage of the sulphuretted hydrogen. Where 
lime is used for the simultaneous removal of sulphuretted hydrogen, 
carbon dioxide, and carbon bisulphide, the quantity^of oxygen present 
at the purifier inlet is of the utmost importance, as the proper removal 
of the bisujphide depends very largely upon this point, too large an 
excess of oxygen causing the oxidation of the calcium sulphides as fast 
as they are formed, and so preventing their absorption . of carbon 
bisulphide, whilst in entire absence of oxygen, the sulphide formed is 
inactive. The most favourable proportion of oxygen is somewhat less 
than one-half the average amount of sulphuretted hydfogen; if the 
percentage of carbon dioxide in the crude gas is as high as 3 per cent., 
a rather smaller proportion is advisable. 

For purification control purposes, the volumetric estimation of 
oxygen by means of phosphorus, after removal of the heavy hydro- 
carbons by bromine, when carried out with ordinary precautions, gives 
results of quite sufficient accuracy. 

A colorimetric method of estimation has been devised by Pfeiffer,^ 
depending on the depth of colour produced by a known volume of the 
gas in an alkaline solution of pyrogallol, this being compared with 
standards of iodine in potassium iodide solution made up to match the 
colours given by known percentages of oxygen. Lubberger 2 has applied"' 
Winkler’s method for estimating dissolved oxygen in water (Vol. I., 
p. 782) to the estimation of oxygen in coal gas, the gas being shaken 
in a Bunte burette with alkali and manganous hydroxide in oxygen-free 
water, the manganese being oxidised to hydrated peroxide. The latter 
is then treated with potassium iodide and hydrochloric acid, which 
results in the liberation of iodine in equivalent amount to the oxygen 
taken up by the manganous hydroxide, the quantity of which is 
estimated by Njioo sodium thiosulphate in the usual manner. 

1 /. Gashekucfit, 1897, 40, 3 S 4 * ^ 4 i» ^ 95 * 
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5. Carbon Dioxide. 

■> The estimation of this constituent in illuminating gas by absorption 
with aqueous potassium hydroxide is not very accurate, owing to the 
fact, already mentioned, that this reagent 51ISO fcends to absorb some of 
the hydrocarbon vapours present. When greater accuracy is required, 
gravimetfic or volumetric methods are employed; the former aic 
carried out by absorbing the carbon dioxide in a weighed tube of 
soda-lime, and the latter by treatment of the gas with standard baryta 
water by Pettenkofer’s method. In the former method, the gas, if 
unpurified, must be first freed from ammonia by passing through 
dilute acid, and from tar-fog and sulphuretted hydrogen, by passing 
throiTgh a tower filled with hydrated ferric oxide. The gas is then led 
through the meter, dried by calcium chloride, and passed into the 
weighed soda-lime tube, the last part of which is charged with calcium 
chloride to prevent loss of moisture. Each gram of CO^ found equals 
544 c.c. 5f the gas measured moist at 15" and ydo mm. « 

For th^ estimation by means of baryta water, a con- 
venient method is to employ a bottle of abqut 2 litres 
capacity, having a doubly bored rubber cork fitted with a 
small separating funnel of about 50 c.c. capacity, and a right- 
angled delivery tube, as shown in Fig. 100. The exact 
capacity of the bottle is determined by weighing it empty 
arid then filled with water, the delivery tube being removed, 
and the stem of the funnel filled with water up to the stop- 
cock; the difference of weight in grams gives the volume 
in cubic centimetres. To fill the bottle with saturated gas, one or 
two drops^ of water are added, the apparatus inverted, and gas passed 
in through the separating funnel and out through the delivery tube ; 
two to three minutes’ passage of a moderate stream of gas suffices to 
drive out all air. The delivery tube is then removed, replaced by a 
glass plug, the separating funnel stopcock closed, and the gas shut 
off and disconnected. The stopcock is then again opened for a second 
to allow the gas in the bottle to attain atmospheric pressure, and the 
'■ height of the barometer and the room temperature noted. 

As soon as the gas in the funnel has been replaced by air, 50 c.c. 
of baryta water of known strength (20 g. barium hydroxide per litre), 
and a little phenolphthalein are run into^ the funnel, and thence, by 
careful opening of the cock, into the bottle, cooling under the tap, if 
^ necessary, to create a slight vacuum ; the funnel is then washed out 
'with water into the bottle, care being taken that the stem of the 
funnel is left full of water. The bottle is well shaken, and allowed to 
stand for ten minutes, when absorption is complete. The stopcock is 
then opened, the contents of the bottle, includfiig the precipitate, 



Fig. 100. 
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washed out into a flask, and titrated at once with NJio oxalic acid, 
using phenolphthalein as indicator. Fifty c.c. of the original baryta 
solution are titrated in the same manner ; the difference between t^ie 
quantity of oxalic acid solution required for neutralisation represents 
the amount of alkali corresponding to the ca^rbon dioxide absorbed, 
expressed in decinormal solution ; each cubic centimetre of Njio oxalic 
acid corresponds to 00022 g., or to M19 c.c. of dry COg at o'" and 
760 mm. To obtain the .percentage of the gas, the volume of CO2 
under these conditions must be converted in the usual manner into the 
volume of moist gas measured at the same temperature and pressure 
as observed with the volume of gas taken. If n equals the number of 
cubic centimetres of Njio oxalic acid found, v the capacity of the bottle 
in cubic centimetres, t the temperature, s the vapour pressure o& water 
at that temperature, and b the height of barometer, the percentage 
of COg is found by the equation : — 


Percentage of COg 


n X 1. 1 19 X (2 7 3 4 -/)x 760 X iQo 
2 73 X {b - " 

Constants. • Variants. 

T.119 X 760 X TOO ^ ?^x(2 73-4-/) 
273x2:; ~bC~s 


When V has been determined, a simple figure for the constants can be 
calculated once for all. 


6. Carbon Monoxide. 

For most gasworks purposes this is determined by the gas- 
volumetric method described (p. 636). For the estimation of small 
quantities, such as those caused by escape of waste gases, etc,, into the 
air, more delicate methods are employed; these are fully "^described in 
the section on Air ” (VoL I., p. S89). 

7. Sulphuretted Hydrogen. 

For the control of the purification process in gasworks, the estima- 
tion of sulphuretted hydrogen by volumetric absorption with a solution 
of cadmium sulphate or chloride gives results of sufficient accurac:^^. 
For more accurate determinations, especially when only small quantities 
are present, other methods must be employed. The gas tested must 
be freed from tar-fog and ammonia if present ; the former is removed 
by a small cotton -wool iTlter, and the latter by washing with dilute 
sulphuric acid. 

(i.) Gravimetric Estimation. For this purpose, Fresenius ^ employs 
as absorbent, pumice stone which has been treated with saturated 
copper sulphate solution, dried, and heated for four hours at 250°. 

^ ^ Quantitative Amlym^ 7th eU,, vol. i., p. 3? 3 . 
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According to L. T. Wright,^ the copper phosphate obtained by the pre- 
cipitation of a copper sulphate solution with sodium hydrogen phosphate 
is a more suitable absorbent. To prepare it, a solution of lOO g. of 
crystallised sodium hydrogen phosphate in 500 c.c. of water is added, 
with constant stirring, to one of 125 g. of ^crys^iallised copper sulphate 
in 750 c.c. of water, the precipitated phosphate being filtered off and 
dried at 00.° Either reagent is placed in a U'tube so as to occupy 
about fivl-sixths of its length, the remaining one-sixth being filled 
with calcium chloride. The gas, freed from tar-fog and ammonia as 
described, is dried by calcium chloride, and passed through the weighed 
U-tube containing the copper sulphate or phosphate, and thence through 
a meter or into a graduated aspirator. At the end of the test, dry air is 
drawn through the U'tube, which is then weighed, the increase of 
weight giving the weight of HgS in the volume of gas passed. One 
gram of HgS equals 697-6 c.c. or 0-02464 cb. ft. of moist gas at 15“, and 
760 mm. 

(ii.) Volumetric c,Estiination. The most suitable reagent is a 
standard solution of iodine in potassium iodide, which reacts with 
sulphuretted hydrogeii yielding sulphur and hydrochloric apid, accord- 
ing to the equation : — 

H2S + I2 = 2HI + S. 

This reaction may be carried out in a Bunte burette,® using a solution 
of iodine in potassium iodide containing 1-0526 g. of iodine per litre, 
I c.c. of whicl^ = o-i c.c. of HjS measured moist at 15° and 760 mm. 
The gas to be tested, after freeing from tar-fog and ammonia, is passed 
into the completely dry burette (if necessary with the assistance of an 
aspirator), and a portion of the gas then sucked out to make room for 
the reagent^. The iodine solution is then sucked in from a small dish 
so as to fill the capillary and bore of the stopcock, and then starch 
solution to the lowest division mark (—10). By gradually adding 
fresh quantities of iodine, and repeated shaking, the end-point of the 
reaction is recognised by the formation of a permanent blue colour. 
The amount of iodine used is read off directly on the burette, the 
amount remaining in the capillary being balanced by that added before 
Jdie starch, which is not measured. The volume of gas used is then 
determined in the usual manner. 

An alternative method consists in employing a dry bottle of known 
capacity (about 500 c.c.) closed with a hollow stopper capable of holding 
25 cc. (A glass tube of this capacity, closed at one end and fitted 
into a rubber cork the bottom of which is coated with a film of paraffin 
wax, may be substituted for a ground-in stopper.) The gas, purified 
from tar-fog and ammonia, is blown through the inverted bottle till all 
^ J. Sqc^ Chem. Ind.^ 1885, 4, 665. 

Cf. Bunte,/. GasheUucht,, 1888, 31, 899 ; Kast and Behrend, /fo’a'.,n889, 32, I59- 
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air is driven out, the tube or stopper, to which 25 c.c. of Njio iodine 
solution has been added, inserted whilst the bottle is still inverted, and 
the solution shaken with the gas ; the contents of the bottle and stopper 
are then washed out, and the excess of iodine determined by titration with 
sodium thiosulphate and starch. Each cubic centimetre of iodine solution 
used equals M22 c.c. of dry HgS at o'" and 760 mm. ; the percentage of 
the gas is calculated in exactly the same manner as that o£ carbon 
dioxide given on p. 665, wi^h the substitution of the figure x*io8 for 
that of 1*119 in the equation. 

The iodine method is likely to give high results, inasmuch as the 
unsaturated compounds and also hydrocyanic acid, when present in the 
gas, tend to combine with iodine. With coal gas the error thus caused 
is usually small, but it is very considerable in the case of oil gas a^id of 
carburetted water gas, owing to the presence of cyclopentadien, 

C. W. Somerville 2 has recently described a modified iodometric 
method in which the gas is drawn, by means of an aspirator, through a 
wash-bottle of 100 c.c. capacity containing 10 c.c.^of Njiooo iodine 
solution and 10 c.c. of specially prepared starch solution diluted to 
100 c.c. T|ie passage of the gas is continued until the blue coloration 
just disappears, the volume of gas used being found from the volume 
of water run off from the aspirator. To obviate the error due to the 
above-mentioned impurities, a second test is made with the same gas, 
which is first passed through a small tower containing lead carbonate 
to remove sulphuretted hydrogen ; by deducting the second result from 
the first the true amount of sulphuretted hydrogen is found. 

(iii.) Colorimetric Estimation. The colorimetric method devised by 
Vernon Harcourt is very convenient for the estimation of sulphuretted 
hydrogen, especially where this impurity is only present in small 
quantity. In this process the gas is bubbled, in a fine stream, through a 
standard sized tube containing a solution of lead in excess of sodium 
hydroxide, to which sugar is added, the passage of the gas being con- 
tinued until the solution attains the same brown colour as the similar 
sized standard tube (see Fig. loi, p. 669), which is artificially made to 
correspond with the colour given to the standard lead solution by 
0-0025 grains (0-000162 g.) of sulphur, by mixing solutions of copper,-^ 
cobalt, and ferric sulphates. The gas is drawn through the solution by 
an aspirator, which is completely filled with water at the commencement, 
the water run out being collected in a measuring cylinder, thus giving 
a direct reading of the volume of gas passed. This volume of gas, 
therefore, contains the above quantity of sulphur as sulphuretted 
hydrogen, and from this figure either the percentage, or amount in any' 
given volume, is readily calculated. 

^ Cf. also Ross and Race, 7 ^ Soc. Chem, Ind.y 1910, 29, 604. 

3 /. O^s Lighting^ igio, II2, 29, 
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The brown solution becomes colourless on exposure to lights and 
provided that carbon dioxide is excluded the revivified solution may 
^be used over again for a considerable number of estimations. 

8. Sulphur Compounds other than rSulpriiuretted Hydrogen ; 

Carbon Bisulphide. 

CoaSrgas purified by means of oxide of iron, always contains small 
quantities of volatile sulphur compounds other than sulphuretted 
hydrogen. The vapour present in largest quantity is that of carbon 
bisulphide, the amount of which varies from lo to 8o grains per lOO cb. 
ft, according to the variety of coal carbonised and the conditions of 
distillation. In addition, from S to lo grains of sulphur is present in 
the torm of other compounds, among which thiophene, carbonyl sulphide, m 

and alkyl mercaptans, and sulphides have been detected. 

For the estimation of carbon bisulphide, a measured volume of the 
gas freed from sjjlphuretted hydrogen, if necessary, by iron oxide, is 
dried by calcium chloride and passed through two wash-bottles contain- 
ing- a solution of pcTtassium or sodium hydroxide in absolute alcohol, 
which converts the bisulphide into potassium or sodium xanthat<«? 
according to the equation : — 

/SK 

CSo + KOH-!-C 2 H 50 H = CS< +H2O. 

\0C,H, 

0 

The gas and reagent must be kept as free as.possible from water, as 
small quantities of the latter greatly decrease the absorbing power of 
the reagent for the bisulphide. The quantity of xanthate or of sulphur 
in the solution obtained may then be ascertained by the methods given 
on p. 630, for the estimation of carbon bisulphide in commercial 
benzene. 

The carbon bisulphide may also be estimated by Harcourt’s 
colorimetric method. This depends on the fact that when coal gas 
containing carbon bisulphide is passed over platinised pumice, the 
latter is converted into sulphuretted hydrogen, which is then estimated 
colorimetrically in the manner described under sulphuretted hydrogen 
(p. 667). To carry out the test, a small fractionating flask of about 30 
ac. capacity filled with platinised pumice is placed in a special stand 
surrounded by a glass chimney (Fig. loi^, so that the bottom of the 
flask is about i in. above the small ring burner fixed at the bottom of 
the chimney. The latter is lighted, turned down until the flame just ^ 
shows a slight luminosity, and the gas then allowed to pass, at the 
rate of about 0-5 cb. ft. per hour, through the platinised pumice, which is 
thus heated to about 300° to 350^^ C. 

^ After about ten minutes, the delivery tube is cmmected to the tube 
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containing the lead acetate syrup, and the latter to an aspirator, and 
the gas passed in a thin stream through the tube until it has reached 
the same depth of colour as that of the standard cylinder, corresponding 
to 0-0025 grain or 0-000162 g. of sulphur. The volume of gas contain- 
ing this quantity of sulphur as carbon bisulphide is obtained from' the 
amount of water run from thp aspirator and collected in the measuring 
cylinder; from these data the amount of sulphur present in* the gas 
as carbon bisulphide is readily calculated. 

This method, whilst very rapid and convenient, only gives results of 
fair accuracy if the gas tested is free from oxygen, or only contains this 
gas in very small quantity. Mostly, however, the purified coal gas 
contains appreciable quantities of oxygen, which in presence of the hot 



platinised pumice acts on the sulphuretted hydrogen produced, con- 
verting it into sulphur and water, the latter condensing in the delivery 
tube of the flask ; the results then obtained are much below the true 
figure. 

9. Total Sulphur. 

In most instances, the separate determination of carbon bisulphide 
is not carried out, as all the information usually required is obtained by 
the estimation of the total' sulphur present, by burning a known volume 
of gas and estimating the sulphur in the products of combustion. 

In this country the method almost always employed is that used by 
the Metropolitan Gas Referees for testing London gas ; it is generally 
known as the “ Referees’ ” method. The gas is burnt in a small Bunsen 
burner with a s’teatite top (Fig. 102), which is mounted on a short 
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^ * 
cylindrical stand, perforated with holes for the admission of air, and 
having on its upper surface, which is also perforated, a deep ciiculai 
phannel to receive the wide end of the trumpet tube. On the top of 
the stand are placed lumps of fresh, commercial sesqiiicarbonate of 
ammonia, weighing iij all about 6o g. 'f he 4.ipper, narrow horizontal 

en^ of the trumpet tube is con- 
nected by flexible tubing with 
the# side tubulure of a vertical 
glass cylinder, constricted above 
the tubulure to about half its 
diameter, the space from the 
contracted neck to the top being 
filled with glass balls about 15 
mm. in diameter, to break up 
the current of gas and promote 
condensation. To the top of 
the condenser a long glass tube 
slightly bent over at the upper 
end is affixed by ipeans of a 
cork or rubber tubing ; this serves 
to effect further condensation as 
well to regulate the draught and 
afford an exit for the waste 
gases. At the bottom of the 
condenser*' is fixed a small glass 
tube drawn out to a jet, through 
which the liquid formed during 
the test drops into a flask 
beneath. The test should be 
carried out in a room in which 
no other gas is burnt, and the air of which is not otherwise con- 
taminated with sulphur dioxide. 

The gas is burned at the rate of o-g to 07 cb. ft. per hour, the 
trumpet tube being placed on the burner when the meter index passes 
^ point which is noted. The products of combustion, together with the 
ammonia evaporated from the carbonate, pass through the condenser, 
where the sulphur dioxide is condensed from the products as a solution 
of ammonium sulphate, the excess of oxjjgen present effecting the 
oxidation of the sulphite to sulphate. As soon as the required quantity 
of gas has been passed, the supply is shut off. For official purposes, 
meters are used which are arranged to cut off the gas supply automati- 
cally when 10 cb. ft. have passed, and to record the time at which this 
takes place. For unofficial tests this is, of course, unnecessary. After 
cooUng, the condenser tube and cylinder are washed-out with distilled 
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water into the beaker or flask containing the condensed liquid, and the 
sulphur in the latter determined in the usual way, either in the whole or 
in an aliquot part of^the solution, by precipitation with barium chloride. 
From the weight of barium sulphate obtained, in grams, the sulphur in 
grains per loo cb. ft. is readily obtained : — 


grs. per loo cb. ft. = g - 374 xioo 

gas consumed corrected to 6o h . and 30 Bar. 

The correction of the gas volume to 60° F. and 30 in. pressure is found 
by the table on p. 690. 

The method tends to give results which are slightly low owing to 
incomplete oxidation of the sulphites to sulphates, the former not being 
precipitated with barium salts. To avoid this possibility, some analysts 
prefer to oxidise the solution with bromine water before precipitation, 
whilst others oxidise with nitric acid, and precipitate with barium 
nitrate instead of chloride. T. Fairley^ dispenses with the use of 
ammonium carbonate, and allows a solution of hydrogen peroxide to 
drip down the condensing cylinder of the Referees’ apparatus, the 
sulphur beipg then obtained in the condensate as free sulphuric acid. 
Instead of using the gravimetric method, the amount of sulphuric acid 
may be then determined by titration with normal alkali, provided that 
the hydrogen peroxide solution used is neutral. Or, by using a known 
volume of hydrogen peroxide solution of determined acidity, the 
sulphuric acid formed may be found by deducting the amount of the 
latter from the total cjuantity of acid found. 

H. Blair 2 has proposed the ' following volumetric method for the 
estimation of the sulphuric acid in the solution obtained by the Referees’ 
process. An aliquot portion of the solution is boiled to volatilise the 
ammonium carbonate, thus leaving neutral ammonium sulphate; an 
excess of neutral formaldehyde solution (about 30 per cent.) is then 
added to the hot solution, which combines with the ammonia, forming 
hexamethylene tetramine, and liberates sulphuric acid, in accordance 
with the equation : — 


4(NH,)2S04 4 6CH2O = N4(CH2)e + 

The liberated sulphuric acid is then determined by titration with*^ 
N/io alkali, using phenolphthalein as indicator; i c.c. N/10 alkali = 
0-0247 grs. S. 

In Germany the method due to Drehschmidt is usually employed. 

The estimation is carried out by means of the apparatus shown in 
Fig. 103. The gas burner is encased in the manner shown in the 
figure, separate pipes, a and projecting from the casing for the supply 
of gas and air respectively to the burner. The air supply is purified 
1 /. Soc, CAem, Imi., 1887, 5, 283. SO, 397 * 
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frccm any sulphur dioxide present by passing up the tower B, contain- 
ing pumice moistened with aqueous potassium hydroxide. The glass 
cylinder C is placed over the burner and fits a circular channel in the 
burner case, filled with mercury, thus preventing the admission of air 
at this point. The glass tube fused on to tl:if cylinder C conveys the 
products of combustion to the train of wash-bottles D, each containing 

20 c.c. pf aqueous potassium hydroxide (5 per cent), a little bromine 
% 



Fig. 103. 


being added in the first two bottles, to ensure the complete oxidation 
of the sulphur dioxide. 

In making a test, the burner is lighted and regulated to a con- 
sumption of I to I cb. ft per hour ; the outlet of the last wash-bottle 
is connected to a powerful water-pump so that a rapid current of air ’ 
is drawn through the apparatus. The cylinder C is placed over the 
burner as the hand of the meter passes a suitable point, when the flame 
continues to burn quietly if the current of air is suiSciently rapid. At 
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the conclusion of the test the contents of the bottles D are washed 
out and the sulphur estimated as barium sulphate in the usual manner. 

In place of the sodium hypobromite solution, hydrogen peroxide 
may be used in the wash-bottles, and the amount of sulphuric acid 
produced determined by titration with decinormal acid, as described in 
connection with the Referees’ test. Pfeiffer employs a modified method 
in which the products of combustion are drawn through a known 
volume of decinormal sodium hydroxide solution to which ^neutral 
hydrogen peroxide solution (Merck’s perhydrol) is added. The 
amount of alkali remaining at the end of the test is determined by 
titration with Njio sulphuric acid, using dimethylaminoazobenzene as 
indicator. 

Each c.c. of Njio alkali neutralised is equivalent to 0-001603 or 
0-02478 grain of sulphur, and the number of grains of sulphur per 100 
cb. ft. is obtained by the equation : — 


grs. per. 100 cb. ft. 


Number of c.c. Njio NaOH x 0,02478 x 100 
Gas consumed corrected t 9 N.T.P. 


A quick method for the estimation of total sulphur, especially suit- 
able for works’ purposes, has recently been published by C. W. 
Somerville ; ^ it depends on the estimation of the sulphur dioxide in 
the products of combustion of the gas by means of iodine and starch. 
The apparatus ^ in general construction resembles that of Drehschmidt 
(Fig. 103, p. 672), the gas being burned at the rate of about 0-5 cb. ft. 
per hour from a small burner, and the products of combustmn aspirated 
by means of a water-pump through a wash-bottle of about 500 c.c. 
capacity containing 100 c.c. of iV/iooo iodine solution diluted to 450 c.c., 
and a few cubic centimetres of starch solution. The wash-bottle is 
connected to the cylinder covering the flame as the meter hand passes 
a noted point, and the combustion products are allowed to pass through 
the solution until it is just decolorised, when the gas meter is at once 
by-passed. One hundred c.c. of N/1000 iodine solution contain 0-1268 g. 
of iodine, equivalent to o-ooi6 g. or 0*024688 grain of sulphur, which is, 
therefore, the amount present in the volume of gas burned ; from this 
the quantity of sulphur in 1 00 cb. ft is readily calculated. The results 
obtained agree closely with those found simultaneously by gravimetric 
methods. 

10. Ammonia. 

Of the total nitrogen present in the coal, only some 10 to 14 per 
, cent is obtained in the crude coal gas in the form of ammonia ; the 
bulk of the remainder remains in the coke, and smaller quantities are 
obtained as gaseous hydrocyanic acid, free nitrogen, and as compounds 

^ /. Gas Lighting^ 1910, 112, 29. 

2 Supplied by Messrs Townson & Mercer, Camomile St., London, E.C. 
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of nitrogen with carbon and hydrogen, such as pyridine and quinoline, 
which are found in the tar. 

The removal of the ammonia from the crude gas commences as soon 
as the temperature has been sufficiently lowered to permit of the 
condensation of steam to water, and ajDOul; one-half of the amount 
present is usually removed in the hydraulic main and condensers, the 
remainder being recovered by washing with weak liquor or fresh water 
in the washers or scrubbers. Where the^ latter part of the process is 
efficiently worked, the ammonia is reduced at the outlet of the 
apparatus to from 0-5 to 2 >o grains per 100 cb. ft. 

The determination of the amount of ammonia present is readily 
carried out by passing a measured quantity of gas through two 
absprption bottles in series, each charged with a known volume of 
normal or decinormal sulphuric acid, and estimating the excess of acid 
at the end of the test by titration with standard alkali, using methyl 
orange as indicator. Unless the acid in the first absorption bottle is 
completely neutrHised, practically the whole of the ammonia is retained 
in the first absorption bottle. In some cases a tube filled with broken 
glass, and moistenecfwith a known volume of standard acid^ is employed 
in place of the absorption bottles ; where this is used, care must be 
taken to make sure that the glass has not an alkaline reaction by 
making a blank test ; the glass beads supplied with such apparatus are 
often strongly alkaline, and neutralise appreciable quantities of acid, 
rendering t^e results obtained much too high. 

With purified gas containing only a few graias of ammonia per 100 
cb. ft, decinormal acid is used, and very accurate results are readily 
obtained, if care be taken that the tubes leading to the absorption 
bottles ai;e of glass, with only a minimum of rubber connecting tubing. 

For crude, unscrubbed gas normal acid must be employed, and in 
this case the above-named precautions are especially necessary, and the 
sample should always be taken by means of a tube projecting into the main, 
as described on p. 659 ; neglect of these precautions often leads to very 
incorrect figures. Even with these precautions, exact results are some- 
what difficult to obtain on account of the tar-fog present in the gas, 
^ which also carries some condensed ammoniacal liquor with it. The 
solution in the bottles becomes contaminated with the tar, which makes 
the end-point of the titration more difficult to observe, and the 
ammoniacal liquor particles carried mechanically with the gas also 
neutralise some of the acid, thus making^the results too high. If, on 
the other hand, an attempt be made to remove the tar-fog by a cotton- ^ 
- wool filter, the results are too low, as the filter also effects the removal of 
some of the ammonia from the gas stream. On the whole, it Is best 
not to attempt to remove the tar-fog, and to allow for the fact that the 
tendency is then for the results to be rather too high. 
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When tar is present, it is sometimes found that the use of fluorescein 
as indicator, in place of methyl orange, is advantageous ; the point of 
neutralisation is recognised by the disappearance of fluorescence,, 
which is most readily observed if the glass vessel containing the liquid 
be placed on a sheet of glg.zed^black paper. ^ 

With crude gas containing large quantities of ammonia, the quantity 
of gas required for a test is correspondingly small, and this often 
conveniently measured by a graduated aspirator instead of by a meter ; 
this procedure is . generally necessary where the gas to be tested is 
under a pressure less than that of the atmosphere, the suction of the 
aspirator being utilised to draw the gas from the main through the 
absorption bottles. Where a meter is used, and the gas contains 
sulphuretted hydrogen, a small oxide purifier should be placed between 
the absorption bottles and the meter, as otherwise the metal work of 
the latter is rapidly corroded. 

II. Hydrocyanic Acid. 

As mentioned under the estimation of ammoni^, a small proportion 
of the nitrogen of the coal is converted into cyanogen derivatives, the 
amount formed varying to some extent with the nature of the coal, but 
more especially with the temperature to which the volatile products 
from the coal are heated during the distillation. The only cyanogen 
compound which has been detected with certainty in the gas is hydro- 
cyanic acid, but it is possible that others, such as cyanoge^i itself, may 
be present in small quantity. Ammonium cyanide is not present as 
such in the gas, as it is completely dissociated into ammonia and 
hydrocyanic acid. 

A part of the hydrocyanic acid is always removed in the 
hydraulic main and condensers as ammonium cyanide, and especially as 
thiocyanate, and no commercially practicable process for the recovery 
of this portion of the gas has yet been devised. Several different pro- 
cesses have, however, been adopted in certain works for the commercial 
recovery of the remainder, either in the form of ferrocyanides or 
thiocyanates (sulphocyanides). To obtain ferrocyanides the gas is 
washed with a mixture of ferrous hydroxide or carbonate and alkali ; 
to obtain thiocyanates, with a solution of ammonium polysulphide 
which yields a concentrated solution of ammonium thiocyanate (British 
Cyanide Co.’s process). 

Two types of ferrocyanicfe process are used.^ In the Rowland and 
Bueb processes the ammonia in the gas is used as the necessary alkali, 
which, with the ferrous hydroxide, yields a solution of ammonium ferro- 
cyanide ; this, however, is very unstable, and in presence of excess of 
iron salt is converted into insoluble double ferrocyanides of iron and 
ammonium. Thesa, together with excess of iron sulphide formed from 
II * 2 U 
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the hydroxide, are filtered off, and the sludge sold for the manufacture 
of pure ferrocyanides and the recovery of the ammonia. In the second 
type of processes fixed alkalis are employed with the ferrous hydroxide 
(Knublauch and Foulis processes), which result in the recovery of the 
hydrocyanic acid chie^y as a solution of the {hrrocyanide of the alkali 
used, from which the salts are obtained by evaporation and crystal- 
lisation?^ 

If no special process is employed for tjie recovery of the cyanides 
the hydrocyanic acid is to a large extent removed from the gas in the 
ordinary processes of scrubbing and dry purification. A portion is 
absorbed in the scrubbers and converted into ammonium thiocyanate, 
which is absorbed in the ammoniacal liquor, where it has no commercial 
value. The remainder is largely taken up in the oxide of iron purifiers, 
partly as ammonium thiocyanate and partly as a mixture of iron ferro- 
cyanides and double iron ammonium ferrocyanides, usually spoken of 
as ‘‘Prussian blue,” When the quantity of ammonia 
pa!!sing into the purifiers is kept low, ferrocyanides are 
chiefly formed, and the spent oxide obtained frequently 
contains sufficient “ blue ” to make its recovery practi- 
cable, and it may be then sold on the value of its 
ferrocyanide content as well as for the sulphur present 
{cf. under Spent Oxide, p. 723). 

The amount of hydrocyanic acid in the gas, after 
condensation, varies generally from 75 to 125 grs. of 
HCN per 100 cb. ft, equivalent to 3 to 5 lbs, of crystallised 
sodium ferrocyanide, Na4Fe(CN)g.ioH20,per 10,000 cb, ft 
For the estimation of the amount of hydrocyanic 
acid in the gas, two methods are employed : — 

(i.) The gas is passed through a series of two or more 
absorption bottles, such as the one shown in Fig. 104, charged with a mix- 
ture of ferrous hydroxide and potassium hydroxide, prepared by mixing 
equal volumes of ferrous sulphate solution (i : 10) and potassium hydroxide 
solution (i : 3), the gas being passed at a rate of about i cb. ft per hour, 
and measured in a meter in the usual manner. The contents of the 
absorption bottles are washed out at the end of the test, made up to a 
known volume, and an aliquot portion of the shaken mixture filtered 
from the insoluble black residue, which is washed free from ferro- 
cyanide. The filtrate is treated with lead carbonate to remove 
sulphides, the filtered ^solution heated to ^60°, and precipitated with 
hydrochloric acid and excess of ferric chloride ; the precipitated Prussian 
d>lue is filtered off, preferably through a folded filter, the filtrate being ^ 
returned to the filter until the precipitate no longer runs through. After 
was mg once or twice with water, the filter paper and precipitate are 
placed m a beaker and decomposed by adding ^ slight excess of 
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potassium hydroxide, which converts it into potassium ferrocyanide, 'the 
ferric hydroxide also formed being filtered off and washed. For the 
determination of the amount of ferrocyanide in the filtrate this may be 
titrated with standard zinc or copper solutions, or the hydrocyanic acid 
contained may be determjineci by boiling with magnesium and mercuric 
chlorides, and subsequent ' acidification and distillation according to 
Feld’s method. These methods are fully discussed in connection with 
the analysis of spent oxide (p. 726). 

(ii.) In the second method, the hydrocyanic acid is absorbed by 
passing the gas through a series of three absorption bottles charged 
with a solution of ammonium sulphide and free sulphur; the am- 
monium polysulphide formed combines with the hydrocyanic acid, with 
the formation of ammonium thiocyanate. The gas is passed at the 
rate of about i cb. ft per hour, and is measured as usual. At the end 
of the test the contents of the bottles are washed out, made up to a 
known volume, an aliquot portion of the solution treated with lead 
carbonate to remove sulphides, and, after filteringf a few crystals of 
sodium sulphite added, and the whole heated to §0° ; the liquid is then 
made faintly acid with sulphuric acid, and precipitated with an exce’ss 
of copper sulphate solution, which throws down cuprous thiocyanate as 
a white precipitate, accompanied, however, by sulphides of copper, 
formed by the decomposition of the thiosulphate also present. The 
precipitate is filtered immediately, washed once or twice with water, 
and decomposed by the addition of 10 c.c. of a 10 per ceat. solution of 
sodium hydroxide, free from chlorides. The sodium thiocyanate solution 
produced is filtered from the cuprous hydroxide and sulphide, the latter 
washed, the cold filtrate acidified with dilute nitric acid, and titrated 
with N/10 silver nitrate solution using ferric alum solution as indicator, 
the complete precipitation of the thiocyanate being shown by the dis- 
appearance of the red colour of the ferric salt. Each c.c. of N/io 
AgN 03= 0*0076 1 2 g. of NH4CNS, or 0*002703 g. of HCN. 

The precipitation of the cuprous thiocyanate is necessary to remove 
the thiosulphates always present in the solution, and which if not 
eliminated, would also be precipitated by the silver nitrate. For most 
purposes this may be done more quickly and with sufficient accuracy, ^ 
by the method proposed by Linder.^ In this procedure the solution, 
after removal of sulphides by lead carbonate, is slightly acidified with 
sulphuric acid, heated to boiling, and 10 c.c. of a saturated solution of 
ferric alum added ; after standing for five minutes, the liquid is cooled, 
acidified with nitric acid, and titrated with decinormal silver nitrate. 
The ferric alum converts the thiosulphate into tetrathionate, which does:* 
not affect the silver nitrate if the titration is carried out quickly. 

The ferrocyanide method tends to give results which are slightly 
^ Annual Report on Alkaliy eic,^ Works ^ 1906, p, 461. 
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low, as small quantities of the hydrocyanic acid are always converted 
into thiocyanate instead of into ferrocyanide, the amount of thiocyanate 
fprmed being greater when ammonia is present in the gas. On the 
other hand, the thiocyanate method tends to give results rather above 
the truth, as the carbo^ji bisulphide also present in the gas is partially 
absorbed by the ammonium polysulphide with formation of ammonium 
thiocarhonates, which under certain conditions undergo decomposition 
into ammonium thiocyanate. 

12. Naphthalene. 

Naphthalene occurs in large quantity in the volatile products given 
off from the coal during distillation, but is almost completely removed 
durii!^ condensation, passing away with the tar, in which it is usually 
present in larger amount than any other single constituent As, how- 
ever, naphthalene has an appreciable vapour pressure at the ordinary 
temperature, the purified gas frequently contains small quantities, 
although the amount rarely exceeds from 15 grs. to 20 grs. per 100 cb. ft 
Small though this quantity appears, it is frequently sufficient to cause 
serious trouble by its subsequent deposition in the solid p-tate in the 
mains and services, both on the works and in the district of supply, and 
its estimation is, therefore, often a matter of importance. 

No satisfactory, simple method of estimating the amount present in 
the hot gas has been devised, owing to the difficulty of separating the 
tar-fog withcrut simultaneously effecting a partial removal of the 
naphthalene still present as vapour in the gas, bat for the cooled gas 
free from tar-fog, several methods are used, all of which depend on the 
fact that naphthalene combines with picric acid to form the crystalline 
picrate, C10H3.C6H3N3O7, which is practically insoluble in saturated 
picric acid solution, although it is partly dissociated into its constituents 
by water. 

Colman and Smith ^ pass the gas through a series of three absorption 
bottles, charged with a nearly saturated solution of picric acid of known 
strength (about ^th normal), 100 c.c. being used altogether. The gas, 
previously passed through an absorption bottle charged with citric acid 
^ solution to remove ammonia, which would otherwise neutralise some of 
the picric acid, is bubbled through the latter at the rate of 0-5 to i-o 
cb. ft. per hour. The whole of the naphthalene is thereby removed from 
the gas (the first absorption bottle removing all but traces), and 
separates as naphthalene picrate, which, however, undergoes a partial 
dissociation into free naphthalene and picric acid. To effect the com- 
']plete conversion of the naphthalene into the picrate, Kiister^s method ^ is 
adopted. The contents of the absorption bottles are washed with as 
small a quantity of water as possible into a narrow-mouthed bottle of 

^ , V* C / tem . Ind ., 1900, 19, 128. 2 24, noi. 
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s*uch size that it is nearly filled with the liquid ; this is then closed by a 
rubber cork, fitted with a glass stopcock or similar device, the bottle 
evacuated, and placed in a bath of cold water and heated, with occa- 
sional shaking, until the whole of the picrate has dissolved. On cooling, 
the whole of the naphthalene, then separates as lihe picrate; occasional 
shaking during cooling is jiecessary to prevent the sublimation of 
naphthalene on to the upper surface of the bottle. 4 

As naphthalene picrate .is partly dissociated by water, the precipi- 
tate should be washed as little as possible with water, otherwise too low 
results are obtained. To avoid washing entirely, the contents of the 
bottle are poured into a measuring cylinder, and the volume noted ; it 
is then filtered through a dry filter paper, the first few cubic centi- 
metres of filtrate rejected, and lOO c.c. of the filtrate titrated with W/io 
sodium hydroxide, using phenolphthalein or lacmoid as indicator. The 
former shows only the yellow colour of picric acid when acid, changing 
to a reddish yellow when alkaline ; with lacmoid the colour is reddish 
brown when acid, changing to green when alkaline.^ • 

If ;? = volume in cubic centimetres of the liquid after heating, ai)d v 
the numbetof c.c. of Njio NaOH required for lOO c.c. of the filtrate, 

the volume of iVy 10 alkali required for the whole solution is = V. 


The alkali-equivalent of the lOO c.c. of picric acid originally taken, 
termed V^, is ascertained by titration with N\\o NaOH in a similar 
manner, and the difference between the two figures, V^— •V, shows the 
quantity of Njio alkali corresponding to the amount of picric acid 
which has been removed by combination with the naphthalene. One 
C.C. of decinormal solution corresponds to 0-0229 g. of picric acid, and 
therefore to 0-0128 g. or 0-1975 grain of naphthalene, as 229 parts of picric 
acid combine with 128 parts of naphthalene. The number of grains of 
naphthalene per 100 cb. ft. is : — 


(V^ - V) X 100 X 0.1975 
Vol. of gas passed 


grains CioHg per 100 cb. ft. 


A modified method, which is sometimes convenient, though rather 


less accurate, is to filter off the naphthalene picrate which separates 
after the heating process, with the aid of a pump, wash once with a 
small quantity of water, then wash the precipitate from the filter paper 
into a flask, heat till all is dissolved, and titrate the hot solution with 
Njio alkali. The alkali us^ should be identical with the figure - V 
above, and the quantity of naphthalene is calculated by the same 
equation. Slightly lower results are usually obtained in this manner. 

Jorissen and Rutten^ emphasise the fact that low results are* 


1 Observers having a tendency to colour blindness often cannot employ lacmoid, as they are 
unable to observe the change to green at all, or only very indefinitely. 

Soc. Chem» Ind,^ i?09, 28, 1179* 
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obtained by the foregoing method if the naphthalene picrate is washed 
with much water. They find further that when a saturated solution of 
picric acid containing also solid picric acid is employed, the naphthalene 
picrate is directly precipitated from the gas as undissociated picrate. 
They, therefore, reconjimend the followingrproeedure : — 

Two hundred and fifty c.c. of a saturated solution of picric acid 
are evafporated to about 150 c,c. and transferred, while hot, to two 
abso^i-ption bottles. The gas, previously freed from tar-fog, cyanogen, 
sulphuretted hydrogen, and ammonia, is passed through the bottles at 
the rate of about 1*5 cb. ft. per hour, until a fair quantity of picrate 
has been formed in the first bottle. The solution and precipitate are 
then washed into a flask, made up to 250 c.c., the closed flask heated 
to 46° for about half an hour, and shaken from time to time till all the 
picrate has dissolved. After cooling, the solution is filtered from the 
separated naphthalene picrate, and an aliquot portion of the filtrate 
titrated with N/io alkali, the same volume of the original solution 
being also titrate8. From the difference between the two titrations 
the. amount of naphthalene is readily calculated in a similar manner 
to that given in the previous method. ^ 

C. J. Dickenson Gair ^ passes the gas through two absorption bottles 
containing 350 c.c. of diluted acetic acid of sp. gr. 1-044, the rate 
of I cb. ft per hour. At the conclusion of the test, 500 c.c. of saturated 
picric acid solution are added, the dissolved naphthalene being pre- 
cipitated as •picrate, which is filtered off on the pump, using a dry, 
weighed filter, washed with saturated picric acid solution, and finally 
once with water. The filter paper and precipitate are dried quickly 
in vacuo over sulphuric acid, and weighed. The weight of naphthalene 


picrate .found, multiplied by 


128 
128 + 229 


= 0-3585, gives the weight of 


naphthalene in the volume of gas passed. Or, the precipitate may be 
washed into a flask, and titrated in hot solution with N/10 alkali, as 
previously described. 


With cooled but unpurified gas containing hydrocyanic acid and 
sulphuretted hydrogen, these impurities are apt to affect the picric 
acid to some extent ; where the estimation of naphthalene in such gas 
is required, the absorption by acetic acid is preferable. 

The employment of alcohol to wash the naphthalene from the gas 
and subsequent precipitation of the solution with aqueous picric acid, 
has not proved successful, as under these conditions some of the other 
^ vapours present in the gas, such as the xylenes, also form crystalline ^ 
picrates, and too high results are, therefore, obtained. 


1 /. Soc, Chem, ,1905, 24, 1279 ; 1907, 26, 1263. 
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13. Tar-fog. 

The tarry constituents of the hot gas issuing from the retort 
separate on cooling, for the most part, as a dense fog of finely 
divided tar particles, which gradually coalesce and are removed by 
subsidence and by friction with the surfaces of t?he apparatus through 
which the gas passes. But ^ven when the gas is completely cooled, 
a certain proportion of the fog is still left in the gas, and if allbwed to 
go forward with the gas, is 'deposited in the washing plant and in the 
purifiers. In the former, and especially in coke scrubbers, the deposited 
tar interferes considerably with the proper removal of the ammonia, 
and when filtered out by the oxide of iron in the purifiers, it impairs 
the power of the latter to remove sulphuretted hydrogen, increases the 
back pressure exerted by the mass, and also diminishes the valSe of 
the resulting spent oxide, and renders it more difficult to work this 
up to a high percentage of sulphur. A suitable form of tar separator 
is, therefore, usually placed after the condensers. Two types of apparatus 
are in common use; the first, represented by the Pelouze-Audouin 
condenser, effects the removal of the fog by dividing up the gas -into 
very fine streams, each of which impinges at a high velocity against 
an iron plate, whilst in the second, represented by the Livesey washer 
the gas is made to bubble in fine streams through weak ammoniacal 
liquor, whereby the tar-fog is largely removed, and the weak liquor 
simultaneously concentrated 

The estimation of j:he quantity of tar-fog present at different points 
of the system is, therefore, frequently of importance, and is con- 
veniently made by the method proposed by Clayton and Skirrow.’- 
For this purpose a long glass tube inch in external diameter is taken, 
a small hole J inch in diameter blown near one end, and about 12 
inches of the tube above this hole filled with loosely packed cotton 
wool, which has been previously extracted with carbon bisulphide to 
remove fatty matter. The end of the tube near the small side hole 
is closed by a cork, and the tube inserted through a cork placed in a 
i^-inch cock on the main conveying the gas, and so fixed that the small 
side hole faces the gas stream as nearly as possible two-thirds across 
the main, or one-third of the diameter from the side opposite to the ’ 
cock through which it is inserted, this being the point of mean velocity 
of gas in the main. The whole of the filtering material should be 
within the main, so that it ns kept at the same temperature as the gas 
to avoid condensation, and the gas is allowed to pass through the 
filter at such a rate that the gas velocity through the |-inch hole is 
greater than that of the gas in the main. It is only by observing these 
precautions that it is possible to obtain uniform results. 

^ /. Gas Li§htin^^ 1907 , 98 , 660 , 
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-The gas, after passing through the filter, is purified by oxide of iron, 
from sulphuretted hydrogen, and measured in a meter, from 20 to 30 
cb. ft. being passed. The tube is then removed from the main, the 
external surface wiped clean from tar, and the cotton wool containing 
the tar placed in a Soxhlet tube and extracte(;J with carbon bisulphide, 
in a tared flask. The carbon bisulphide extract is evaporated off on 
the water-bath, dry air finally drawn fhrough the flask for half a 
minute, ^and the flask again weighed. From the weight of tar and 
the volume of gas passed, the amount of tar-fog in i or 100 cb. ft. is 
readily calculated. 

The free carbon in the tar remains undissolved in the cotton wool 
and some of the low-boiling constituents of the tar are evaporated 
withj^the carbon bisulphide, so that the results are below the exact 
figure, but the figures obtained are fairly comparative and sufficiently 
exact for most practical purposes. 

According to Feld’s method,^ the gas drawn from the main, as 
already described,«'is passed through a weighed U-tube containing 
cotton wool. Before weighing, the latter is placed in a water-bath 
warfned to the temperature of the gas in the main, and the ^as passed 
through it, after traversing two additional U-t*^t>es placed in the same 
bath and filled with cotton wool (unweighed) and calcium chloride 
respectively, until its weight is constant. The weighed tube is then 
connected directly with the tar-laden gas stream and a measured 
volume of gag passed. The tube is then reconnected to the outlet of 
the two U -tubes previously employed, and the gas again passed until 
the weight of the tar-absorption U-tube is constant; the increase of 
weight gives the amount of tar-fog in the volume of gas passed. 
Working in this manner, the moisture in the filtered tar is removed 
without simultaneous loss of tar vapours, as the gas employed is always 
saturated with tar vapours at the temperature of the water in the bath, 
and in the gas main. 

IV.— THE SPECIFIC GRAVITY OF GAS 

A knowledge of the specific gravity of gas mixtures affords valuable 
information, and its determination is accordingly of importance, provided 
it can be effected by simple methods. A continuous record of the 
specific gravity of the gas made is not only of statistical value, but also 
gives some information concerning changes* in composition, but it is to 
be borne in mind that the origin of a change in specific gravity may be , 
-uncertain ; the specific gravities of ethylene and of nitrogen, for instance, 
are almost identical. As affecting gas supply, a knowledge of the 
specific gravity of illuminating gas is of value because the quantity of 

Gashekucht.^ igii, 54, 33, ^ 
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gas issuing from an orifice at constant pressure varies indirectly with 
the square root of the specific gravity, and the same holds with regard 
to the capacity of the mains for the delivery of gas under constant^ 
pressure. Further, in the distribution system, the relative pressure of 
the gas to the atmosphere increases with increasing altitude, the 
increase being greater the lower the specific gravity of the gas. Where 
districts of very different levels have to be supplied, this has to taken 
into account. In the use offgas for the filling of balloons, the specific 
gravity is, of course, of primary importance. 

I. Calculation of the Specific Gravity from the Analysis- 

The specific gravity of a gas, the composition of which is known, 
may be calculated by multiplying the percentage of each constituerft by 
its known specific gravity and dividing the sum of the products by lOO, 
as shown in the following example : — 




Per cent, 
by vol. 


sp. gr. at 

0“ C. and 760 mm. 

Multlfle. 

C02 

= 

1-2 

X 

1-5290 = 

1-8348 


= 

3-4 

X 

1-4595 

4-9623 


= 

0*3 

X 

I- 1049 = 

0-3315 

CO 

= 

6-8 

X 

0-9671 — 

6-5763 

CH4 

= 

32*9 

X 

0-5590 

18-3911 

Ha 

= 

49-2 

X 

0-0695 = 

3-4194 

N2 


6-2 

X 

0*9721 = 

5.9970 

41-5 124 -r- 100 = 0-4151 


The specific gravity of a dry gas of this composition at o° and 760 
mm. would, therefore, be 0-415, and the specific gravity at any other 
temperature of the dry or moist gas can be calculated therefrom in the 
usual manner. In making this calculation, the usual approximate 
assumption is made that the unsaturated hydrocarbons present are 
equivalent to an equal volume of propylene, the sp. gr. of which 
is 1*4595. Where the amounts of ethylene and benzene have been 
separately determined, the percentages of these and their specific 
gravities may be employed in the calculation. 

2. Experimental Determination of the Specific Gravity* 

For accurate determinations, Dumas’ method of directly weighing 
the gas in glass vessels of known capacity is to be recommended.^ In 
technical work, however, sinfpler methods are made use of. 

Of such methods, that devised by Bunsen ^ depends on the different 
rates of effusion of equal gas volumes through a fine opening, in which* 

^ Cf, F. Kohlrausch, Introduction to Physical Measurements^ trans. by H. R. Procter and T. 
Waller, 3rd edition, 1S94 ; also Siaby,yi GasheteuchU^ 1890, 33, 157. 

^ Gasometrische Methoikn^ 2nd edition, 1877, p, 184, 
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ca'se the specific gravities of any two gases are related to each other as 
the squares of their rates of effusion. When compared with air, as is 
.always done in practical work, the specific gravity^ of the latter is 
'denoted by i and is thus eliminated from the calculation. Thus, if the 
time of effusion is found to be ^ seconds and that of an equal volume of 
air I second, then the . ^ 

I, Specific gravity of the gas = ^ 

^i.) Schillings Apparatus^ for determining the specific gravity 
(Fig. 105) has been evolved from Bunsen’s 
apparatus, which it has completely displaced. 

It consists of a large glass cylinder, A, about 
40 cm. high, in which a smaller cylinder, B, is 
suspended and kept in position at the top by 
the metal frame r, which rests with three arms 
on the rim of the cylinder and also carries the 
thermometer ^ ; B is open at the bottom and is 
fixed just free from the base of A, where it 
is again centred by a metal fram^ with three 
arms. The tubes a and h fixed on the metal 
frame are provided with stopcocks and serve 
for the admission and expulsion of the gas; 
b has a three-way stopcock which can be turned 
so as to communicate either with b or c. The 
headpiece c is fitted with a small thin platinum 
disc placed horizontally, with an extremely fine 
opening in the middle, which is made by piercing 
the foil with a needle and then hammering it 
out ; to protect it from dust, etc., a cap is 
screwed on the head c when the apparatus is not 
in use. 

For the determination, the vessel A is filled 
with so much water that there is just sufficient 
room for the introduction of the cylinder B when 
filled with air and suspended therein. As soon 
as the water has come to rest the time of effusion 
of the volume of air between the marks m and n is determined ; these 
marks go right round the cylinder; according to Pannertz, bands 
of fine cord round the marks permit of greater accuracy of observa- 
tion. The stopcock on b is first turned so as to communicate with „ 
- the head c; the level of the water in the lower part of the cylinder 
B then begins to rise as it displaces the air, and the time is 
taken with a stop-watch as soon as the meniscus passes the mark m ; 

^ Handhuch fur Gashekucht,^ 3rd edition, p. «)i. 
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a ^similar reading is taken when the meniscus of the water passes' n 
and the total time noted. The residual air in the cylinder is then 
displaced by the gas to be examined by connecting the stopcock a with, 
the supply, and opening b \ the gas is allowed to pass through for about 
two minutes. The displ§.cement of the air is accelerated by slowly 
raising the cylinder almost completely out of the water and lowering it 
again. The outlet of b is then closed, the cylinder again raised iji order 
to fill it completely with the inlet of a closed, and the cylinder 
again placed in position. After the water has come to rest, the time 
of effusion of the gas is measured under exactly the same conditions as 
with the air, so that the time of effusion of equal volumes of gas and 
air, measured between m and is ascertained. The calculation of the 
specific gravity is then made according to the formula given above. • 

As the air and gas are both measured saturated with moisture and at 
the temperature of the water by which they are confined, all corrections 
with respect to vapour tension and temperature are obviated. It is 
well, however, to read the temperature by the thermometer t before 
and after the experiment, as a check. In exact work the test should be 
repeated ; tjje times observed in the duplicate tests should not differ from 
each other by more than 0*2 second. The following is an example of 
the determination of the specific gravity of coal gas : — 

Time of effusion observed for gas = 2' 25.1" = 145. i" 

„ „ air = 3' 40.8" = 220.8" 

Specific gravity = = 0.4321 • 

220 . 0 *^ 

A table of co-ordinates for coal gas have been drawn up by P. Krug, 
on the suggestion of Pfeiffer,^ which permits of a direct reading of the 
specific gravity from the times of effusion. 

The results obtained with Schilling’s apparatus are reliable to the 
third decimal place.^ This method for ascertaining the specific gravity 
is always to be preferred when accuracy is important, as, for example, in 
the calculation of the calorific value from the analysis. 

(ii.) The Lux Gas Balance? This apparatus is especially useful for 
gasworks practice, as it indicates the specific gravity of the gas 
directly. It depends on the simple principle of directly weighing equal 
volumes of air and gas, the difference of which in weight is shown as 
specific gravity (air=i) by the displacement on a scale. The globe- 
shaped receiver (Fig. 107), which may be made of glass, balances with 
the beam on two steel poiiits .y, (Fig. 106), which move in a hollow, 
conical steel groove. The fork-shaped end of the pillar carries the gas 
inlet and outlet r, and <?, which communicate with the small cups p and p^^^ 
which are filled with mercury. Two small tubes are attached to the 

1 /. Gashekucht^ 1887, $0, 251 ; igo 3 , 48x. 

2 A Specific Gravity Bell,” depending on the same principles as the above apparatus, is 

made by Messrs A. WrigG^& Co., Westminster. ^ J* G^sheleucht^ 1887, 30, 251^ 
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beam of the balance at right angles to the plane of swing, the ends of 
which are bent at right angles and are connected with the inlet and 
^ outlet of the pillar by the mercury seal of the cups p and without 
interfering with the movement of the beam. One of the small tubes 
conducts the gas into the gl^be through a central tube, 
whilst the other serves as the exit tube. 

The balance is mounted in a glass case provided 
with a door. The gas iijlet and outlet to r and o are 
connected by two small tubes, each fitted with a stop- 
cock and rubber connection, on one of the ends of the 
balance case. The beam of the balance is divided 
into 100 divisions, and from each lo to the next, 
reckoned from the pivot, there are graduations, o-o, 
o-i, 0*2... 1*0; the beam carries a nickel rider. The graduated arc is 
divided into fifty parts, the middle of which is the zero ; the gradua- 
tions, 0*1, 0*2, etc., are placed above and below from each lO to the 
next ; the marks ^below zero are negative values. 

The balance myst be fixed in a position that is not subject to 



Fig, 107. 


vibration, nor exposed to direct sunlight *or other sudden changes of 
temperature. When at rest, the beam of the balance rests firmly on the • 
• pillar ; it is released by means of a screw at the right-hand end of the 
case. When the globe is filled with air and the rider is on the outer- 
most mark i, the pointer should come to rest exactly on the zero mark. 

^The adjustment of the balance beam is effected i»y means of a small 
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scr*ew above the middle of the beam, which can be moved horizontally ; 
for further adjustment, the rider is placed on the division 0-8. If the 
balance has the right sensitiveness, each degree on the graduated arc 
should correspond to each degree on the beam ; the pointer ought then 
to come to rest at +0*2 or^the arc. This adjustment is made by means 
of the small screw, which can be moved vertically over the middle of the 
beam. ^ 

To ascertain the specific gjavity of the gas to be tested, the air is 
first displaced from the balance by passing the gas through for live 
minutes. The rider is then placed on the graduation regarded as likely 
to be nearest to the specific gravity of the gas, for example, 0*4 ; the 
beam is then released and the division on the graduated arc on which 
the pointer comes to rest after swinging up and down is read. Xhis 
reading, added to or subtracted from that of the rider, gives the second 
decimal for the specific gravity; the reading -0‘Oi, would, for instance, 
indicate a specific gravity of 0-40— o-oi =0*39. The third decimal place 
can be estimated; a greater degree of accuracy in the*determination is 
not to be expected, 

A table ^f corrections for barometric pressure and temperature is 
provided, however, for the apparatus, which influences the results to the 
fourth place of decimals. A correction of this kind is theoretically 
necessary on account of the nature of the balance. If, for example, the 
atmospheric pressure increases, the gas in the globe of the balance as 
well as the surrounding air is contracted, so that the weight of the 
contents of the globe, and that of the air displaced thereby, both increase ; 
accordingly the globe of the balance tends to become heavier by the 
increasing weight of the gas, and lighter in proportion to the greater 
upward push of the air. Since the absolute increase in weight is greater 
with air than with gas, in proportion to the difference in their specific 
gravities, therefore the globe containing the gas becomes relatively 
lighter with an increase in pressure and heavier with a decrease in 
pressure. The necessary correction for the influence of changes of 
pressure is to add 0*0007 for every millimetre of pressure over 760 mm., 
and to subtract 0*002 for every degree above is'", and vice versa. 

For example, the specific gravity of a gas was found by the balance 
to be +0*41 at 28° and 775 mm. pressure : — 

775-760 = 15; +0.0007 X 15 = +0.0105 
28- 15 = 13 0.002 X 13= -0.0260= -0.0155 

Corrected sp. gr. = 0.3945. 

A table supplied with the apparatus gives the corrections from 0° 
to 30° C. and from 730 to 790 mm. ; it is, however, applicable only for 
gases of specific gravity between 0*4 and 0*5. 

For rapid tests fdlowing clo.sely on each other, the apparatus gives 
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saltisfactory results to the second decimal place ; after any considerable 
interval, however, say, from one day to another, a new adjustment will 
,be necessary, as a rule, on account of the unequal expansion of the 
dissimilar arms of the beam with changes of temperature, for which no 
compensation is pro^jjded. • 

Apparatus for the determination of tlje specific gravity of gases by 
measujement, with a delicate differential pressure gauge, of the difference 
between the statical pressure of a long vertical column of gas and a 
column of air of equal length have been devised by Krell^ and by 
Threlfall.^ These are capable of giving very accurate results, but are 
too large for general employment in an ordinary laboratory, 

•V.— THE CALORIFIC AND ILLUMINATING POWER 

OF GAS 

The value of gas to a consumer depends chiefly upon its calorific 
and illuminating f)ower. Up to about thirty years ago, only the latter 
quality was of material importance, as the great bulk of the gas then 
s-upplied was used for illumination purposes, with the erqployment of 
open flame burners. At the present time, however, a very large 
proportion of the gas supplied is used for gas fires, cookers, and gas 
engines ; for such purposes the calorific power of the gas is the point of 
chief importance, the illuminating power not coming into consideration. 
Even for illumination, this is now also the case, as the great 
bulk of the gas employed for this purpose is burned in incandescent 
burners, so that the illumination is mainly dependent on the calorific 
power of the gas and on the flame temperature, and quite independent 
of the illuminating power as such. It is estimated that not more than 
10 per cent, of the gas supplied in this country is now used in open 
flame burners, and on the Continent the proportion is still smaller. 

At the present time, therefore, the calorific power is by far the most 
important factor in the valuation of coal gas, but owing to the fact that 
the various Gas Undertakings are still statutorily compelled to supply gas 
of the illuminating power specified in their respective Acts of Parlia- 
ment, it is this latter value which is mostly determined. It is probable, 
however, that a calorific power standard will be substituted before very 
long for the illuminating power standard, as has already been done to a 
very large extent in Germany. 

The illuminating power of a gas is ii? no way an absolute quality 
of the gas, such as its specific gravity, but varies greatly according to » 
• the construction of the burner employed, the rate at which it is burned, 
and to a smaller extent, with the atmospheric temperature and pressure ; 

GashekuchU^ 1899, 42, 212. 

^ ^ Proc. Roy^ Soc,^ A, 1906, 77, 542 ; y. Soc, Chem. 26, 359. 
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the actual luminosity depends mainly upon the extent to which solid 
carbon particles are deposited in the flame and the temperature to 
which these are raised. For the determination of illuminating power, ^ 
therefore, it is necessary to carry out the test under certain specified 
conditions, which are usually laid down in the special Acts of the various 
Undertakings. Unfortunately^ the conditions specified vary very greatly 
in the case of different works, so that the results obtained in sucjji cases 
are frequently quite incompargtble (p. 706). 

The calorific power, on the other hand, is an absolute quality of*the 
gas. It represents the total potential energy of the gas, expressed in 
heat units, and provided that combustion is complete, the calorific power 
remains the same whatever burner is employed, and whatever the rate 
of combustion. # 

Under these conditions, it is evident that there can be no exact 
relationship between the illuminating and calorific power of different 
samples of gas. In the case, however, of gases of the same general 
composition, such as unmixed coal gas, it is found thai* generally speak- 
ing, the calorific power increases with the illuminating power, but at a 
much slowei^rate, and vice versa diminishes with decreasing illuminating 
power, but again at a much slower rate, so that gas which has been 
deprived of all illuminating power, when burned in a flat flame, has still 
a relatively high calorific power. The same is true of carburetted 
water gas by itself, but the calorific power of this gas is some 10 to 15 
per cent, lower than that of coal gas having the same illuminating 
power, if the latter bei determined in both cases by a method which 
enables true relative values to be obtained. 

A. Determination of the Calorific Power 

In this country the unit of heat employed is the British Thermal 
Unit (usually denoted B.Th.U. to distinguish it from the electrical 
Board of Trade Unit, for which the contraction B.T.U. is employed) ; 
it is the quantity of heat required to raise i lb. of water I'^F. The 
calorific power of a gas is usually given by stating the number of 
B.Th.U. evolved in the combustion of r cb. ft. of the gas. On the 
Continent, the heat unit employed is the larger calorie (Cal.), and the 
results are given as calories per cubic metre. The calorific power 
tests of London gas, carried out under the instruction of the Metro- 
politan Gas Referees, are recorded in calories per cubic foot 

For conversion of calories into B.Th.U., the factor is 3*968 ; that 
for converting calories per cubic meter into B.Th.U. per cubic foot is 
0*1124. 

In the experimental determination of the calorific power of any gas 
containing hydrogerij^ the water vapour produced by the combustion 
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Tabular Numbers, being a Table to facilitate the Correction 
peratures and under different Atmospheric Pressures 


BAB. 

THE 

40“ 

RMOMI 

42“ 

3TEB- 

44“ 

« 

PAHRE] 

46" 

ITHBIT. 

48“ 

50 “ 

62“ 

, 54 " 

56 “ 

68“ 

60“ 

28*0 

•979 

*974 

•970 

•965 

•960 

•956 

r— 1 

*946 

*942 

•937 

•932 

28*1 

*■983 

•978 

•973 

•969 

•964 

•959 

*955 

*951 

•945 

•941 

•936 

28 

*986 

*981 

•977 

•972 

•967 

•963 

•958 

*953 

•949 

*944 

•939 

28 -S 

*990 

•985 

•980 

•976 

•971 

•966 

•961 

•957 

•952 

•947 

•942 

28*4 

•993 

•988 

•984 

•979 

•974 

•970 

•965 

*960 

•955 

•951 

•946 

28-5 

•997 

•992 

•987 

•983 

•978 

*973 

•968 

•964 

•959 

•954 

•949 

28^ 

1*001 

*995 

•991 

*986 

•981 

•977 

•972 

•967 

•962 

•958 

•953 

28 '7 

1*004 

•999 

*994 

•990 

•985 

*980 

•975 

•970 

•966 

•961 

•956 

28*8 

1-007 

1*003 

•998 

*993 

•988 

•984 

•979 

•974 

•969 

•964 

•959 

28*9 

1 * 0 ] 1 

1*006 

1*001 

•997 

*992 

•987 

•982 

•977 

•973 

*968 

*963 

29*0 

1-014 

1*010 

1*005 

1*000 

•995 

*990 

*986 

•981 

•976 

•971 

•966 

,29*1 

1*018 

1*013 

1 * 00*8 

1*004 

*999 

•994 

*989 

*984 

•979 

• 97 ^ 

*969 

29*2 

1*021 

1*017 

1*012 

1*007 

1*002 

997 

•992 

*988 

•982 

•978 

*973 

29*8 

1-026 

1*020 

1*015 

1*011 

1*006 

1*001 

*996 

•991 

*986 

*981 

*976 

29*4 

1*028 

1*024 

1*019 

1*014 

1*009 

1*004 

•999 

*995 

•990 

•985 

*980 

29*5 

1*032 

1‘027 

1*022 

1*018 

1*013 

1*008 

1*003 

*998 

•993 

*988 

•983 

29*6 

1*036 

i *031 

1*026 

1*021 

1*016 

1*011 

1*006 

1*001 

•996 ' 

*992 

•986 

29*7 

1*039 

1*034 

1*029 

1*025 

1*019 

1*015 

1*010 

o 

o 

1*000 

•995 

*990 

29*8 

1*043 

1*038 

1*033 

1*028 

1*023 

1*018 

1*013 

1*008 

1*003 

•998 

•993 

29*9 

1*046 

1*041 

1*036 

1*031 

1*026 

1*022 

1*017 

1*012 

1*007 

1*002 

•997 

80*0 

1*060 

1*045 

1*040 

1*035 

1*030 

1*025 

1*020 

1*015 

1*010 

1*005 

1-000 

80*1 

1*053 

1*048 

1*043 

1*038 

1*033 

1*029 

1*024 

1*019 

1*014 

1*009 

1*003 

80*2 

1*057 

1*052 

1*047 

1*042 

1*037 

1*032 

1*027 

1*022 

1*017 

1*012 

1*007 

30*8 

1*060 

1*055 

1*050 

1*045 

1*040 

1*036 

1*030 

1*025 

1*020 

1*015 

1*010 

30*4 

1*064 

1*059 

1*054 

1*049 

1*044 

1*039 

1*034 

1*029 

1*024 

1*019 

1*014 

80*5 

1*067 

1*062 

1*057 

1*052 

1*047 

1*042 

1*037 

1*032 

1*027 

1*022 

1*017 

80*6 

1*071 

1*066 

1*061 

1*056 

1*051 

1*046 

1*041 

1*036 

1*031 

1*026 

1*020 

80*7 

1*074 

1*069 

1*064 

1*059 

1*054 

1*049 

1*044 

1*039 

1*034 

1*029 

1*024 

80*8 

1*078 

1*073 

1*068 

1*063 

1*058 

1*063 

1 * 048 ^ 

1*043 

1*037 

1*032 

1*027 

80*9 

1*081 

1*076 

1*071 

1*066 

1*061 

1*056 

l - O^l 

1-046 

1*041 

1*036 

1*031 

81-0 

1*085 

1*080 

1*076 

1*070 

1*065 

1*060 

1*055 

1*049 

1*044 

1*039 

1*034 


** The numbers in the above table have been calculated from the formula v— Si(A-a) 

460 -ff 

scale, and a the tension of aqueous vapour at Uv is any volume at and h inches 
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of the Volume of Gas measured over Water at different Tem^ 
to the Volume at 6o° F, and 30 in. pressure (moist). 


62 “ 

64 “ 

66 “ 

68“n 

70“ 

72 “ 

74 “ 

76 “ 

» 78 - 

80“ 

82“ 

84 “ 

•927 

•922 

•917 

•912 

•hi 

•902 

•897 

•892 

•887 

*881 

•875, 

•870 

•930 

•926 

•921 

•916 

•911 

•905 

•900 

•895 

•890 

*884 

•879 

•873 

•934 

•929 

•924 

•919 

*914 

•909 

•904 

•898 

•893 

*887 

•882 

•876 

•937 

*932 

*928 

*922 

■917 

•912 

■907 

•902 

•896 

•891 

•885 

•880 

•941 

•936 

•931 

•926 

•921 

•915 

•910 

•905 

•900 

•894 

•888 

•883 

•944 

'939 

•934 

•929 

•924 

•919 

•914 

•908 

•903 

•897 

•892 

•886 

•947 

•943 

*938 

•932 

•927 

•922 

•917 

•912 

•906 

•901 

•895 

•§89 

•951 

•946 

•941 

*936 

•931 

•925 

•920 

•915 

•909 

•904 

•898 

*893 

•954 

•949 

•944 

•939 

•934 

•929 

•924 

•918 

•913 

*907 

•901 

•896 

•958- 

•953 

•948 

•942 

•937 

•932 

•927 

•921 

•916 

•910 

*905 

•899 

•961 

•956 

•951 

•946 

•941 

•935 

•930 

•925 

•919 

*914 

*908 

•903 

•964 

^•959 

•954 

*949 

•944 

•939 

*933 

*928 

•923 

•917 

*911 

•906* 

•968 

•963 

•958 

•952 

•947 

•942 

•937 

•931 

•926 

•920 

*914 

•909 

‘971 

•966 

*961 

•956 

*950 

•945 

•940 

•935 

•929 

*923 

*918 

•912 

•975 

•969 

*964 

•959 

•954 

•949 

•943 

*938 

•932 

*927 

•921 

•915 

•978 

•973 

•968 

•962 

*957 

•952 

•947 

•941 

•936 

•930 

•924 

•919 

•981 

•976 

*971 

; *966 

•960 

•955 

*950 

•944 

*939 

•OSS*' 

•927 

•922 

•985 

•980 

“ *974 

*•969 

•964 

•959 

•953 

*948 

•942 

•937 

•931 

•925 

CO 

00 

oo 

•983 

*978 

•972 

•967 

•962 

•957 

•951 

*946 

•940 

•934 

•928 

•991 

•986 

*981 

•976 

*970 

•965 

•960 

•954 

*949 

•943 

•937 

•932 

•995 

•990 

*985 

•979 

•974 

•968 

•963 

*958 

•952 

•946 

*941 

•935 

•998 

1 -993 

•988 

•983 

•977 

•972 

•966 

•961 

*955 

*950 

•944 

•938 

1-002 

•996 

•991 

•986 

•980 

•975 

•970 

•964 

1 -959 

•953 

•947 

•941 

1-005 

1-000 

•995 

•989 

•984 

•978 

•973 

•968 

! -962 

•956 

'950 

•945 

1-008 

1*003 

*998 

•993 

•987 

•982 

•976 

•971 

•965 

•959 

•954 

•948 

1-012 

1-006 

1-001 

•996 

•990 

•985 

•980 

•974 

•969 

•963 

•957 

•951 

1-015 

1-010 

1-005 

•999 

•994 

•988 

•983 

•977 

•972 

•966 

•960 

•954 

1-018 

1-013 

1*008 

1*003 

•997 

•992 

*986 

•981 

•975 

■969 

•963 

•957 

1-022 

1*017 

1*011 

1*006 

1-000 

•995 

*990 

: *984 

•978 

*972 

•967 

•961 

1'025 

1*020 

1-015 

1*009 

1^004 

•998 

•993 

•987 

•982 

•976 

•970 

•964 

1-029 

1-023 

1*018 

1*013 

1*007 

1*002 

•996 

1 

•991 

•985 

•979 

, *973 

•967 


where h is the height of the barometer in inches, t the temperature on the Fahrenheit 
pressure, and V the corresponding volume at 60® and 30 inches pressure, V 


II 


2 X 
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is' condensed to liquid water in the calorimeter, and the latent he*at 
of such steam is, therefore, always included in the observed calorific 
, power, which is known as the Gross Calorific Power. This latent heat 
can, however, only be utilised in practice in the very exceptional cases 
where the products ojT combustion are completely cooled to atmospheric 
temperature. It is, of course, never evolved in the flame itself, and 
takes *10 part in the development of the flame temperature, nor is it 
evolved in the cylinder of a gas engine„and is, therefore, unavailable 
for the production of mechanical energy. From the point of view 
of thermodynamics, therefore, it is important to know the amount of 
such unavailable latent heat. As the latent heat of steam is known 
(viz,. O' 5 37 Cal., or a- 13 B.Th.U. for each cubic centimetre or gram of 
water condensed), the total latent heat is readily ascertained by 
collecting and measuring the amount of condensed water obtained 
during the test, and multiplying the number of cubic centimetres found, 
per cubic foot, by one or other of these values, according as the results 
are being returnexi in Cal. or B.Th.U. The amount thus found, deducted 
from the gross value^ gives the Nett Calorific Power. 

' It is to be borne in mind that the latent heat of the gjieam is not 
the only heat evolved by the combustion of the gas which is not 
utilised in practice, for, as the products of combustion, together with 
an excess of air, mostly pass away at a temperature much exceeding 
that of the atmosphere, the sensible heat of these products is also 
wasted, and# this often amounts to more than that of the latent heat 
of the steam. , 

As the results are given for unit volume of the gas, it is also 
necessary to define the standard temperature and pressure at which 
the gas is measured. As already stated (p. 625), the standard con- 
ditions in this country are that the gas shall be measured moist at 
60° F., and 30 in. pressure. A table ^ for obtaining the volume 
of a gas under these conditions from its volume at temperatures of 
from 40° to 80° F. and from 28-0 to 31 in. pressure, is given on pp. 
690-91. . 

In Germany, the results are sometimes given for dry gas at 0° C., 
and sometimes for moist gas at 15’ C. and 760 mm. (the latter conditions 
are practically identical with the British conditions of moist gas at 
60° F. and 30 in.), and considerable confusion is often caused thereby, 
when the standard conditions are not specified. ’ 

Iri the following table the gross and ifett calorific values are given 
of unit volume of the constituents present in any quantity in ordinary# 
" coal gas; for convenience, the values are given both in Cal. per cubic 


^ The Editor is indebted to the Controller of His 
Sion to reproduce this table from Appendix G of the 
th^Year 1906.’'— C. A. K. 


Majesty’s Stationery Office for permis- 
“ Notification of the Gas Referees for 
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f 

metre, and B.Th.U. per cubic foot Further, in each set, figures are 
given showing the values at (a) o° C and 760 mm., or 32° F. and 30 in. 
^ry ; (d) 15^ C and 760 mm., or 60° F. and 30 in. dry ; and (c) 15'" C. and 
760 mm., or 60° R and 30 in. moist. 

The figures in the table are calculated from the observed calorific 
power of known weights of the various gases, and their specific 
gravities, Thomsen’s values being employed except in the case of 
benzene vapour. The figures found for the latter by Thomsen, 
Berthelot, and Stohmann vary considerably, and as the latter approxi-- 
mates to the average of all the values obtained, it has been taken in 
preference to Thomsen’s figure. 

The figures given for the nett values in the table are obtained 
by deducting the latent heat of the steam produced (0.537 Cal per c.c.) 
from the gross figures. In the experimental determination of calorific 
power with the calorimeter, it is customary to deduct the round figure of 
0*6 Cal for each cubic centimetre of condensed water; this includes the 
latent heat of the steam, and also, approximately, the sensible heat evolved 
to the calorimeter by the cooling of the condensed steam from 100'’ C. 
t6 atmospheric temperature. This last amount of heat, how^ever, should 
not be deducted if the true thermodynamic nett value is to be ascer- 
tained, as it is evolved as heat in the flame and is available for develop- 
ment of flame temperature and of mechanical energy under normal 
conditions. An additional table is given, showing the further deductions 
which must he made from the nett values given in the first table, if it 
be desired to allow also for the sensible heat of the condensed steam. 

Calculation of the Calorific Power from the Analysis. 

If the composition of the gas is known, its calorific power may be 
calculated from the values of the constituents given in the above table 
by multiplying the percentage of each constituent by its calorific power, 
and dividing the sum of the multiples by 100, as shown in the following 
example : — 



Per cent, 
by volume. 

Gross Cal. Power 





at 60* P. and 

SO in. moist. 


Multiple. 

C02 

1*2 

X 

nil 


• •• 


3-4 

X 

2319 

= 

7885 

O2 

0*3 

X 

nil 


• * • 

CO 

6*8 

X 

321 

= 

2183 

CHi 

32-9 

X 

1003 


32999 

H2 

49-2 

X 

321 


* IS 79 I 

N2 

6*2'' 

X 

nil 


• * * 


58858 ^100^ 588*6 


The calculated calorific power of such a sample of gas is, therefore, 
58^*6 B.TLU. gross per cubic foot measured moisj^^t 60^ R and 30 in. ' 
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The value thus obtained is, of course, subject to all the errors’ of 
analysis, and a further possibility of error arises from the uncertainty 
as to the exact composition of the heavy hydrocarbons, It is. 

customary to assume that the mixture has the same calorific power as 
propylene, as has been done above, but this cai\ only be regarded as 
an approximation. Usually^ however, in the case of coal gas, the 
analyses thus calculated agree to within 2 to 3 per cent, with the» figures 
obtained by the calorimeter.. With carburetted water gas, in which a 
much higher percentage of unsaturated hydrocarbons is present, the 
agreement is often much less satisfactory. 

If the percentages of ethylene and benzene have been separately 
determined by any of the methods previously described, these figures 
are multiplied by their respective calorific powers, instead of employing 
the propylene values. 

The Direct Measurement of the Calorific Power. 

In place of the indirect and tedious estimation of the calorific power 
by calculation from the complete analysis, this .value is now almost 
always obtained by direct measurement 

The calorimeters in use, for estimations in which large volumes of 
gas are available, are all modifications of the calorimeter devised by 
Hartley^ in 1882, in which the gas is burned at a constant rate in a 
chamber through which water is flowing also at a constant rate. From 
the volume of gas consumed and of water passed in « given time 
through the apparatus, and the average increase in the temperature of 
the water, the calorific power is readily calculated. The amount of 
water condensed from a given volume of gas also supplies a ready 
means of ascertaining the necessary deduction for the latent heat of 
water required to determine the nett calorific power. 

Two instruments of this type, namely, the Junkers' and Boys' 
calorimeters, have already been described in the section on “Technical 
Gas Analysis" (Vol. I., p. 226), and the method of carrying out the 
tests fully discussed. The Simmance-Abady calorimeter 2 is also 
frequently employed. In its main outlines, this resembles the Junkers' 
instrument, but in place of the hot gases passing through tubes, 
traversed on the outside by water in the reverse direction, they travel 
downwards through a series of annular chambers separated by similar 
chambers up which the water flows. Both thermometers in this instru- 
ment are at the same level, and by their side, is a manometer tube 
to show the pressure of the inlet water, which must be kept constant ; 
a damper is provided at the waste gas exit, for the regulation of the ^ 

^ Report of Gas Section^ Crystal Palace Exhihitiony i., p. 25; Trans, Gas Institute ^ 1884, 
p, 12% \ f Gas Lighting^ 1884, 43, 1142. 

2 Made by Messrs A. "Vt^fight & Co., Westminster. 
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volume of air passing through the apparatus, and the condensed water 
flows to the bottom, and thence through a small exit drain into a 
^measuring cylinder. The method of working and the calculation 
of the results are the same as with the Junkers’ and Boys’ 
instruments. , 

For accurate calorimetric determinations, it is, of course, obvious 
that the gas meter and thermometers must be correct, and that the gas 
and.water supplies are properly governed- so as to pass at a uniform 
rate. The measurement of the water may be made either by weighing 
or measuring ; the latter is the more accurate method, owing to the fact 
that the water is measured warm, and therefore I c.c. weighs rather less 
than I g., but the error from this cause is slight. In addition, it is very 
important that the temperature of the inlet water should keep nearly 
uniform, and should not differ from that of the room by more than 2'’ 
or 3°. 

Further, as the waste gases always pass away saturated with water, 
a small error in^the gross value is introduced by variations in the 
amount of moisture jn the air also taken through the apparatus. The 
gas, being measured through a wet meter, is always saturated, and if 
the air is also saturated, some of this moisture will be separated as 
liquid water in the calorimeter, owing to the contraction of the gases 
which occurs on combustion ; its latent heat will thus be added to the 
heat evolved by the gas, and increase the gross value. If, on the other 
hand, the aie is very dry, some of the steam formed by the combustion 
of the gas will be carried away uncondensed witfi the waste gases, and 
thus make the gross value rather too low. With the ordinary variations 
of atmospheric moisture in this country, however, the error from this 
source rarely exceeds 1 per cent. ; the nett value is in any case 
unaffected, as the gross value and the deduction for condensed water are 
equally affected, so that the difference, which is the nett value, is not 
altered.^ 

When only small quantities of gas are available, other forms of 
calorimeter have been devised. Those of Fischer and Hempel have 
been mentioned (Vol. L, p. 236). In addition, the Simmance-Abady 
instrument, for small amounts of gas,® gives good results if previously 
calibrated with gas of known calorific power. A new still water 
calorimeter, which can be used with very small quantities of gas, has 
recently been described by J. H. Coste and B. R. James.® 

^ For further discussion ot the various sources of error and their magnitude, cf. Report 
of American Gas Association Calorimetry Committee,’*/ Gas Lightings 1908, 104, 904* also 
J. H. Coste,/. Soc. Chem, Ind., 1909, 28, 1231 ; Klumpp,/ Gas Lighting, 1910, Ho/823. 

2 Made by Messrs A. Wright & Co., Westminster. 

® / Soc. Ckem, Ind., 19IX, 30, 258. 
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B. Photometry 

Although, as already pointed out, the illuminating power of coal gas 
no longer possesses its former primary importance, as showing its 
comparative value to consumers, its determination is still required, in 
view of the fact that a small proportion is even now used for 
illuminating purposes in flat ’'flame burners. The chief reason^ for its 
determination, however, is that under existing statutory regulations, 
gas of a certain specified minimum illuminating power musf be 
maintained by all statutory Gas Undertakings, the actual quality fixed 
varying considerably in different towns and districts. 

In addition to the determination of the illuminating power of the 
gas due to the luminosity of the flame burning in the air, photometfical 
measurements are also required for many other purposes, such as the 
estimation of the illuminating power of gas when burned with a mantle 
in an incandescent burner, the relative amounts of light emitted by the 
various burners at different angles, and also of the c^^tual illumination 
produced on the surfaces in both interior and outdoor lighting by these 
burners. To deal with these applications of photometry, which 'ajre 
equally necessary in all cases of artificial illumination, from whatever 
source of light, would require much more space than is available in the 
present work. The consideration of the subject will, therefore, be con- 
fined to the methods of determination of the mean spherical illumi- 
nating power of the gas when burnt with a luminous flame^ 

Principles of Phptometry. — The chief principle involved in the 
determination of illuminating power is that when two surfaces, on 
which no other light is falling, are equally illuminated by two separate 
sources of light, the relative intensities of the two sources of light are 
proportional to the square of their distances from the surfaces they are 
respectively illuminating. Hence if A and B represent the illuminating 
power of the two sources of light, and a and b their respective distances 
from the illuminated surfaces when the latter are equally illuminated, 
then ; — 

A : B = ^2 . ^2. 

If one of the sources of light has a known intensity, that of the other 
can, therefore, be readily calculated by measurement of the distances at 
which both produce equal illumination. 

The essential parts of an apparatus for such photometric determina- 
tions are therefore: — (i) A» standard source of light; ( 2 ) a burner in 
which the gas can be burned under definite conditions ; ( 3 ) apparatus 
for accurately measuring the distances at which the standard and gas^ 
flame effect equal illumination. 

I. Standards of Light. — Until the closing years of the nineteenth 
century,^ the only standard legally recognised in this country was the 
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standard sperm candle, the average light emitted by which was, and 
still is, taken as the unit of light, the illuminating value of the gas 
being expressed in terms of the number of such candles to which the 
"light evolved by the gas is equal when burned at the rate of 5 cb. ft. 
per hour. The only legal definition of the^ standard candle is that 
contained in the Lohdon Gas Act, i860, where these are defined as 
‘'sperm candles of six to the pound, each burning 120 grains per 
hour.” ^ 

This standard has proved to be of a very unsatisfactory nature, but 
in spite of its disadvantages it was long before a more reliable and 
generally acceptable standard was found, the eventual solution of the 
problem, so far as Great Britain and Ireland was concerned, being due 
chiefly to the labours of A. Vernon Harcourt, the senior Metropolitan 
Gas*^ Referee, who employed as standard the flame produced by air 
saturated with pentane vapour at the ordinary temperature. In his 
earlier standards, Harcourt prepared the mixture in a special gas 
holder, and burned the gas at such a rate as to give a light equal to one 
standard sperm candle ; but in the apparatus finally adopted, the mixed 
air-pentane gas is pi^duced automatically as required, and^ burned in 
such a manner as to give a light equal to 10 sperm candles. 

The Harcourt lO-candle standard was first officially adopted for 
statutory tests in the Metropolis in 1898, and since then many other 
Gas Undertakings have obtained special powers to employ the lamp in 
place of candles. As, however, the general Act relating to Gas Under- 
takings (the &as Works Clauses Act, 1871) remans in force, in which 
the use of candles is specified, all Undertakings which have not obtained 
such special clauses are still compelled to employ candles as the standard 
of light for all statutory tests. 

For non-statutory tests, such as those for information purposes on 
the works, the Harcourt lo-candle standard is employed to a constantly 
increasing extent. For quick- reading, works’ photometers,^ however, 
the Methven screen and the Simmance-Abady i-candle and 2-candle 
pentane standards are used in many cases.^ 

In Germany, the standard is the Hefner amyl acetate lamp, in 
which the flame is produced by pure amyl acetate, and in France the 
Carcel lamp is used for gas testing purposes, in which colza oil is 
burned. These two standards, together with the Harcourt lO-candle 
lamp, and candles will now be described in greater detail. 

(a) Sperm Candles, In the manufacture of these, pure spermaceti, 
having a melting point of 109° F., is employed, to which a sufficient 
quantity of bleached beeswax of meltjng point 140° F. is added to 
break the grain” of the spermaceti. In testing, the Gas Works 

^ Descriptions of these, and of many other proposed fornjs gf stan(Jai:| may be found ip 
Abady’s Ga& Analysts Manual^ 1^02. ‘ ^ 
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Clauses Act specifies the use of two candles, the usual practice being fo 
divide a single candle in the centre, cutting away half an inch of sperm 
from each freshly cut end, care being taken not to damage the wick. 
The candles are placed in a suitable balance, in order that their exact 
rate of consumption may be ascertained, as this jarely takes place at 
the specified rate of 120 grains per hour, and a proportional correction is 
made for deviation from the standard rate. 

Before making the actual tQst, the candles 
must have been burning for at least ten 
minutes to attain normal conditions, indi- 
cated by the fact that the shallow cup formed 
by the action of the flame is “semi-dry,’' 
and that each wick shows a uniform bend 
and has a glowing tip. If these conditions 
are not fulfilled after some time, the candles 
should be rejected. When testing, the planes 
of the curved portions of the wicks should be 
placed at right angles to each other. 

(d) The Marcourt \o-candle Pentane Lamp, 

This lamp is illustrated in Fig. 108. The 
saturator A is filled two-thirds full with pen- 
tane, the level of which is never allowed to 
fall below a height of -J-th in. above the bottom 
of the glass window shown. Air is admitted 
by the cock S^, and trarvels in a zigzag path 
over the surface of the pentane, thus becom- 
ing saturated with the vapour, and therefore 
heavier than air, in consequence of which, on 
opening the stopcock Sg, it falls down through 
the wide rubber tube to the Argand burner 
B, which has an annular steatite tip, perforated 

by thirty holes not less than 1*25 or more than i*5 mm. in diameter. 
The flame is drawn into form by the brass chimney C, 30 mm. 
in internal diameter, the lower end of which is fixed exactly 47 mm. 
above the top of the steatite ring when the burner is cold, a 
cylindrical boxwood gauge, 47 mm. long and 32 mm. in diameter, being 
provided to set this accurately. Outside the chimney C is fixed a 
larger concentric chimney, D, the annular space between the two com- 
municating with the interior of the steatite ring through the connecting 
^box and bracket E, on which the burner is supported ; the centre of the 
flame is thus supplied with warm air, heated by the flame, through the 
^chimney C. 

A mica window marked with a cross bar is placed in the lower end 
of the chimney Q anJ^.the gas supply to the flame is regulated so Jh^t 



Fig. 108 . 
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the average tip of the flame, as seen through this window, is half-way 
between the cross bar and the bottom of the window ; the regulation is 
effected by means of the stopcock S^. The regulation may be made 
more conveniently by opening Sg sufficiently to give rather too high a 
flame, and effecting fhe fine adjustment by a^damper covering the inlet 
air-cock S^, worked from the operator’s spat by means of a fine cord and 
pulleys. 

^The lamp must be burned for fifteen minutes before making a test, 
the" final regulation of the height of the flame being made just previous 
to commencing the test. To facilitate this, the chimney C is so turned 
that it is visible from the operator’s seat, but at the same time in such a 
position that the light from it cannot fall on the disc box or photoped 
of <he photometer. (The position of the mica window shown in the 
figure for convenience of illustration, would not be permissible in 
testing, as the light from it would then fall on the disc.) Owing to the 
fact that the top of the flame is screened off, the height of the flame 
may vary J in. ^either way from the specified height without greatly 
affecting the light ^emitted by the screened portion. The flame is 
surrounded by a conical screen having an opening on one side which is 
turned in such a manner as to allow the whole of the light from the 
flame below the chimney to fall on the disc box or photoped. 

The pentane employed (which consists chiefly of isopentane) is 
obtained by the fractional distillation of light American petroleum, and 
should haver at 15° C. a specific gravity of not less than 0-6235, or more 
than 0*626, compared with water at 4°, and a vapour density of between 
36 and 38 compared with hydrogen. Hydrocarbons of other groups, e.g,, 
olefines and benzenes, must be absent.^ 

The Harcourt lo-candle pentane standard, like all other flame 
standards, is not absolutely constant, as the light given out is affected 
by the conditions of the atmosphere in which it burns, variations in the 
percentages of oxygen, carbon dioxide and moisture, and the atmo- 
spheric pressure all having an effect. No direct data are available as to 
the effect of variations in the oxygen content of the air, but the effect 
of the other three factors has been determined at the National Physical 
Laboratory.^ The standard conditions under which the light of the 
lamp is 10 candles are taken as the normal barometer pressure of 760 
mm., and a moisture content of 8 litres of water vapour per cubic metre 
of dry air, as determined by a ventilated hygrometer of the Assmann 
type. The ordinary variations in carbon'^dioxide are without material 
influence, but the illuminating power increases 0*66 per cent, with'^ 
each fall of i litre of water vapour per cubic metre of dry air, and 0*8 

1 For further details and dimensions, cf. the Notification of the Gas Referees.^ 1^06, published 
by Wyman & Sons, Fetter Lane, London, E.C. 

C. Paterson, Proc. Php^ Soc.^ 1909, 21, 867 ^ 
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per cent, for each increase of lo mm. in barometric pressure, the correct 
amount of light under standard conditions being found by the formula : — 

10 + 0.066 (8 ~ c) ~ 0.008 (760 ~ h), 

where e = number of litres ^of water vapour per cubic metre of dry air as 
found by a ventilated hygrometer, and b is the height of the barometer.^ 

In gas testing, however, such correction is not made, inasmuch as 
both the standard and the light tested are flames, and it is assumed 
that in that case both are equally affected by the alteration in condi- 
tions, so that the comparison of the two would be unaltered. This 
assumption is doubtless true in so far that the light given by the flames 
is altered in the same direction, but it is most probable that they are 
affected to a varying extent, and that the comparison is also to sopae 
extent affected ; there are, however, no data yet available by which any 
correction in this respect can be made. 

(^) The Hefner Lamp, This standard, which is universally employed 
in Germany, and also to a considerable extent in othgr countries, was 
devised by Hefner v. Alteneck.^ The standard light unit is defined as 
the illuminating power of a flame of pure amyl acetate, burning freely in 
a still atmosphere, from the top of a solid circular wick contained in a 
nickel-silver tube of 8-0 mm. internal and 8-3 mm. external diameter, 
which projects 25 mm. above the amyl acetate reservoir with which it is 
connected. The flame is regulated to a height of 40 mm. above the top 
of the tube containing the wick, at least ten minutes being^allowed for 
the lamp to attain norQial conditions of burning before making a test. 
This unit is known as the “ Hefner,” and has a value equal to 0-9 candle 
{cf, also p. 703). 

The construction of the lamp is readily seen from Figs. 109 and 1 10. 
The wick must completely fill the burner tube and be of fairly loose 
texture, its upper end being almost level with the top of the nickel silver 
tube, and the lower end dipping into the amyl acetate in the reservoir. 
The height of the flame is regulated by the worm and wheel adjustment 
its exact height being determined by observation through the eye-piece 
K. The amyl acetate employed must be of a high degree of purity. 

The light emitted by this standard is also affected by variations in 
the atmospheric pressure and moisture ; the former factor has, however, 
a much smaller influence than with the Pentane lamp. According to 
the investigations of Liebenthal, carried out at the Berlin Reichsanstalt, 
in which normal condition? are taken as 760 mm. pressure and 
8*8 litres of moisture per cubic metre of dry air, the corrections for 
variations in these respects are given by the formula : — 

Actual light in Hefners = i + 0.055 (8.8 - c) - 0.001 (760 - <5), 

^ Correction tables for the ordinary variations of atmospheric pressure and moisture have 
been published by Messrs ^ Wright & Co., Westminster. 

2 J, GasheleuchU^ 1884, is 7 f 7^6. 
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where e equals number of litres of water vapour per cubic metre of 
dry air, and 5 the height of the barometer. 

This lamp has proved a valuable standard. The chief objection 
to it is that the flame has a reddish tinge differing materially from 
that of the flames with which it is compaj;ed. Many observers also 



prefer to have a standard of higher illuminating power, and one more 
nearly equal to that of the light tested. ^ 

The Carcel La^p. This lamp, used chiefly in France, is a colza.' 
oil lamp, with an annular wick and burner, the oil being forced up into 
the wick by a small clockwork pump. The height of the wick should 
be regulated to 8 to ro mm., the shoulder of the chimney being about 
7 mm. above the wick, and the flame 38 mm. in^ength. The normal 
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consumption of oil is taken as 42 g. per hour, the exact rate of burning 
being ascertained by weighing in a similar manner to that employed 
with candles, and the light evolved calculated as proportional to the 
consumption. The limits of varia- 
tion allowed are from 38 1^) 46 g. 
per hour, but it is preferable ^to 
keep this within the limits of 40 
and 44 g. 

This standard is much inferior 
in constancy to either the Pentane 
or Hefner standards, and in this 
respect more nearly resembles 
candles. 

Comparison of Standards and 
Units, During the past few years 
a number of comparisons of the 
different standards have been 
made by the National Physical 
Laboratory^ the Bureau of Stan- 
dards, Washington, the Physi- 
kalisch-Technische Reichsanstalt, 

Berlin, and the Labor atoire Central 
d'Electricit6, Paris, as a result of 
which the British, American, and French Institutions havf agreed on 
the relations to be accepted between the various units and standards. 

The British unit remains the candle, this being one-tenth of the 
light emitted by the Harcourt lo-candle pentane lamp, burning under 
normal conditions. The French unit, the bougie decimale,’^ is the 
twentieth part of the Violle unit (the light emitted by i sq. cm. of 
platinum at its point of solidification), equal to 0*104 Carcel, and is 
found to be practically identical with the British candle. The American 
candle is 1*6 per cent, higher than this unit, and from April 1909 has 
been reduced to bring it into agreement with the British and French 
units, and the French, British, and American Institutions have agreed to 
the designation of this unit as the International candle. The relation 
of the standards and units is taken as follows : — 

I International candle = i pentane candle 
^ = I bougie decimale 

== I American candle^ (from April 1909) 

== I* 1 1 Hefner unit 
= 0*104 Carcel 

1 Hefner unit — 0*90 International candle 

I Carcel = 9*61 „ „ 



Fig. 110 . 


Cf. yi Soct Ch$m, /nd»y 1909, 28, 592. 
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^ The German Institution, however, has not accepted the above unit, 
and has preferred to retain the Hefner as the unit of light. 

2. Standard Burners for the Gas. — It has already been pointed 
out that the illuminating power of any gas depends very materially 
upon the construction of the burner and tl\e rate at which the gas is 
burned, and it is, therefore, necessary to specify the conditions which 
must-be adhered to in this respect when making tests. Unfortunately 
no generally accepted conditions have been agreed upon in the past, 
with the result that widely different methods are adopted in different 
localities, and often prevent any true comparison being made between 
the figures obtained. Even when the method at first sight appears to 
be the same, this may not be the case in reality, as the same rate of 
consumption and the same burner do not necessarily give comparable 
results with gases of considerably different illuminating power, or with 
gas of the same illuminating power but widely different composition, 
as in the case of coal gas and carburetted water gas of about the same 
quality. # 

This unfortunate state of things has brought about considerable 
po'ntroversy, more especially in connection with the determination of 
illuminating power, as between the Gas Undertaking and the controlling 
authority, and also in relation to the proper method of ascertaining the 
true relative illuminating power of gases in connection with the manu- 
facturing process. In the latter case, the method of burning the gas 
should be ^^uch as to give, with all qualities of gas tested, a figure 
which represents approximately the mixing value ” of such gas — 
the proportional effect the gas would have on the illuminating power 
when mixed with other gases. Thus, for example, a gas testing 13 
candles when mixed with an equal volume of gas testing 19 candles 
would be expected to give a mixture of 16 candle power, whereas by 
some of the methods of testing adopted, the mixture thus obtained is 
found to have an illuminating power of from 17 to 17-5 candles instead 
of the calculated 16 candles. The reason for this difference is that 
the conditions of burning adopted are suitable for the development of 
the full illuminating power of 17 candle gas, but are quite unsuited 
to gas of much higher or much lower quality, and in both cases yield 
a result much lower than the gas is capable of giving under more 
suitable conditions. In the case of statutory tests as between the 
Undertaking and controlling authority, the question of the true relative 
illuminating power is of less importance^ to the latter, who are mainly 
concerned in seeing That a certain minimum specified standard 
illuminating power is maintained, but the adoption of a different 
method for such statutory tests from that employed for works purposes 
is very disadvantageous, and increases the difficulties of those engaged 
in the industry. 
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The number of different types of burner and conditions of testing 
in the various Undertakings throughout the country is very consider- 
able, but only those which are now most widely employed will be 
considered, namely ; — the London No. i Argand, and- 
the Metropolitan No. 2 Argand, together with two 
types of flat flame burner which are employed* in 
certain cases. • 

The London No, i Argand, In the London Gas 
Act of 1868, the duty of prescribing the methods to 
be adopted in testing London gas was placed upon a 
Board of Referees (the ‘‘ Metropolitan Gas Referees ”) 
appointed by the Board of Trade, with the proviso 
that “the burner for testing illuminating power shall 
be such as is most suitable for obtaining from the gas 
the greatest amount of light, and be practicable for 
use by the consumer.’’ In accordance with this prin- 
ciple, the Referees prescribed the use of the Argand ^ 
burner devised by Sugg, known as the London No. i 
Argand. This burner is illustrated in Fig. iii ; A clre 
the gas supply pipes, B the gallery for supporting the 
chimney, C a cone to regulate the air supply to the 
outside of the flame, D an annular steatite chamber, 
forming the burner proper, and E the chimney. The chief dimensions 
of the burner are as follows : — 



Fig. 111. 


Diameter of supply#pipe .... 

. 0‘08 

in. 

External diameter of annular steatite chamber . 

0-84 

>» 

Internal „ „ „ 

. 0*48 


Number of holes ..... 

. 24 


Diameter „ ..... 

. 0045 

» 

Internal diameter of cone at bottom 

• 1-5 


,, „ „ top .... I *08 

Height of upper surface of cone and of steatite chamber 


above floor of gallery .... 

. 075 

j) 

Height of chimney ..... 

. 6 

jj 

Internal diameter of chimney 

. 1-875 

3 > 


In this burner, according to the then universal practice, the gas was 
burned at the constant rate of 5 cb. ft. per hour, and the dimensions 
were so arranged by Sugg that the amount of air admitted around the 
flame was suitable for the development of the greatest amount of light 
with that burner, when gas of#the illuminating power (16 candles) and 
^composition produced at that time in London •was burned at the 5 
cb. ft. rate. Under these conditions satisfactory results were obtained. 

After the burner was offlcially recognised in London, it was also 
adopted in the case of many other Undertakings, often quite irre- 
spective of its suitability for the quality of gas supplied, and it was soon 
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realised that with gases of below i6 candles and above i8 candles 
relatively low results were obtained with the burner when burning the 
gas at the rate of 5 cb. ft. per hour, as in the first case too much air 
entered the burner and minimised the separation of solid carbon 
particles in the flame, and in the latter case too little air was present, 
resulting in the formation of a dull and smoky flame. Further, the 
altered methods of manufacture resulteS in the production of gas which 
for the same illuminating power required less air for its combustion, so 
thht even with 16 candle gas the flame was over aerated, and the 
admixture of carburetted water gas had the same effect to a still 
greater extent. The lower the illuminating power the greater is the 
depreciation caused by admission of excess of air to the flame. 

As early as 1870, it was shown by Hunt^ that more nearly relative 
results for the illuminating power might be obtained with coal gas of 
widely different illuminating power with the No. i Argand by abandoning 
the constant rate of consumption of the gas, and burning the latter at 
such a rate thai the chimney is nearly full of flame and just short of 
the smoking point, the illuminating power for the 5 cb. ft. rate being 
.calculated by proportion from the observed rate of consurgption. This 
method of testing was in many cases adopted in determining illumi- 
nating power for works purposes. For statutory purposes, however, 
the fixed S cb. ft. rate was universally retained for many years, although 
in some cases modified Argand burners were employed, in which the 
amount of^air entering was checked to some extent, either by using a 
smaller chimney, or by restricting the passages through which the air 
was admitted. 

The general adoption of the incandescent burner, with the conse- 
quent tendency to reduction of the illuminating power of the gas 
supplied, rendered the question more acute, but in the case of statutory 
tests agreement as to the introduction of a modified method of testing 
was rendered much more difficult, inasmuch as the matter could not be 
decided on purely photometric grounds, the question of altering the 
method of testing being closely involved with others, such as the altera- 
tion of the quality to be actually supplied, and financial adjustments. 
Eventually, however, after a controversy extending over several years, 
matters were settled, so far as London was concerned, by the London 
Gas Act, 1905, which modified the burner clause of the 1868 Act, 
referred to above, as follows : — “ The burner prescribed shall be of such 
a pattern (not being an incandescent a? similar burner) as shall be 
practicable for use by the consumer ; the burner and the chimney (if any} 
shall be the most suitable for obtaining, and in making the test shall be 
so used as to obtain from the gas when burned at the rate of 5 cb. ft 
per hour, the greatest amount of light” 

1 /. Cas Lighting, 1870, 19, 158. ^ 
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The effect of the clause is that m the test burner used, instead of 
varying the rate of gas to suit the amount of air drawn through the 
burner, as proposed by Hunt, the gas supply must be maintained 
constant at the 5 cb. ft. rate, and the air supply to the burner adjusted 
to the most suitable amouijt for developing the maximum amount of 
light from the gas. 

The Metropolitan No. 2 Argand Burner. In accordance witl^the 
above Act, the Metropolitan Referees selected as a burner fulfilling 



Fig. 112. 


the above conditions the Metropolitan No. 2 Argand burner devised by 
C. Carpenter, the construction of which is shown in Fig. 112. The 
(jjiief dimensions are : — 


Internal diameter of supply pipes . 
External diameter of annular steatite ring 
Internal „ „ „ 

Internal width of^nnulus . 

II 


0‘o8 in. 


0-506 „ 
o-o88 „ 

2 y 
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Number of holes in burner 
Diameter „ „ . . . 

Distance from top of steatite to top of outer cone 
Centre peg ...... 

Adjustable damper plate diameter 

„ „ depth . ... 

Chimney hei^it ..... 

Chimney internal diameter . . 


. 24 
. 0-06 

. 0-05 

1*355 X 0*122 
. 1*668 
. 0*375 

. 6 

. 0-625 


in. 

5J 

» 

3J 


. The essential point of the burner is the adjustable damper plate, 
which controls the air supply passing to the interior of the Argand 
flame, and also that portion of the external supply passing up 
between the inner cone and the steatite annulus ; this damper, 
previous to testing, and after adjusting the rate of consumption to 
5* cb. ft. per hour, is screwed up until the air supply is such that the 
flame is just short of the smoking point, and the illuminating power 
of the gas is taken under these conditions. 

In this manner, gases of widely different illuminating power and 
composition, but not exceeding 20 candles, can be tested with fairly 
accurate comparative results, and the method is equally applicable for 
‘^oth statutory and works tests, whether the gas is coal gas, carburetted 
water gas, or a mixture of the two. The results represent with 
sufficient nearness the true “ mixing value ” of all these gases. Since 
its prescription in London in 1905, it has been adopted by numerous 
other Undertakings throughout the country, and is also specified in the 
parliamentary “Model Clauses” for new Undertakings. Its use will 
probably eventually become universal in this country for illuminating 
power tests with a luminous flame, so far as these are not altogether 
superseded by calorific power tests. 

Standard Flat Flame Burners. In cases where it is desired to 
determine the illuminating power of the gas burned in a flat flame 
either of two different burners may be employed, according as the gas 
is over or under about 20 candle power. For high quality gas, a 
steatite batswing burner (known as No. 7) is used, consisting of a 
hollow cylindrical stem, the top of which has a slot of uniform width. 
The dimensions are as follows : — 

External diameter of steatite top . .0.31 in. 

Internal „ „ . . 0-17 „ 

Width of slot ..... 0-02 „ 

E>epth » . , . ^ . . o-is „ 

For low quality gas, the burner specified by the Metropolitan Gas 
Referees is that manufactured by Messrs Bray & Co., Ltd., and 

stamped 5 ft. ■^. It consists of a brass tube nearly in. in diameter, 

and in. long, with a tapered and screwed end in which are secured 

'-''N 
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the* following parts, through which the gas passes in order : — A steatite 
disc with a round hole in the middle between 0*055 and o*o6o in. in 
diameter; a diaphragrp consisting of three thicknesses of gauze; a 
second similar diaphragm separated by a space from the first ; a steatite 
batswing burner with a semicircular slit and having an external 
diameter at the base of between 0*32 and 0*33 in. and a width less than 
0*029 and greater than 0*027 in.* With both burners. the gas is biyned 
at the rate of 5 cb. ft. per hour. 

3. Photometric Apparatus. — Two types of photometer are now'in 
common use, namely, the bar-photometer and the table-photometer. 
The former and older form is most frequently employed, and can be 
used for gases of widely different quality. The table-photometer, due 
to the Metropolitan Gas Referees, was more especially devised fpr 
determining the illuminating power of the gas sent out to the district of 
supply by a Gas Undertaking ; it is less suitable for the testing of gases 
of widely different illuminating power. 

The Bar-Photometer. The standard of light and tfee specified gas 
burner are fixed at the opposite ends of a graduated bar, in such a 
manner that^the bottom of each flame is the same height above the. 
table, the exact horizontal distance between the centres of the two 
flames being generally fixed at 60 ins. The apparatus is provided 
with the necessary gas meter, governor, and adjusting cock for 
regulating the rate of consumption and maintaining it constant, and 
also with a stop-clock or watch for timing the meter and alscj the sperm 
consumption of the can(jles, when these are used. In addition, suitable 
screens are provided to prevent the light from the flames, other than 
that coming from the disc box, reaching the eye of the observer, and 
also to protect the flames from draughts. Fig. 113 illustrates a form of 
bar-photometer in frequent use, which shows the arrangement of the 
apparatus. 

In order to determine the distances at which the two lights effect 
equal illumination, the Bunsen disc is most commonly employed in this 
country. This consists of a piece of white paper, which, with the 
exception of a circular spot in the centre about i in. in diameter, is 
made translucent by painting with a solution of spermaceti in benzene. 
This paper is placed in a suitable box, the interior of which is blackened, 
and fixed in it in such a manner that the plane of the paper is vertical 
and at right angles to the direction of the bar. The box itself is fixed 
on a carriage which can be moved along the bar in either direction, 
g.nd at such a height that the centre of the disc is in line with the 
central axis of both flames, and the same height as the bottom of the 
burners. In this way one side of the disc is illuminated by the light 
standard and the other by the gas flame, and so long as the illumination 
is unequal the unpainted spot in the centre appears quite distinct, and 
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brighter than the painted portion on the more strongly lighted side. 
By means of mirrors placed at the back of the disc box, the observer is 
enabled to view both sides of the disc simultaneously, and by moving 
the disc carriage along the bar can find the point at which the 
unpainted spot nearly disappears, and especjially the position at which 
the boundary line between the painted and unpainted portions appears 
to exactly the same on both sides; this is taken as the point of 
equal illumination. The exact distances of the disc from each source 
of light are then read off on the bar, and the relative illuminating power 
of the two lights calculated from the square of the distances observed ; 
usually, however, the bar is so graduated that the relative illuminating 
power is read off directly from the graduations. 



Fio, 114. 


The delicacy of the discs varies considerably, some being found to 
be “soft,” le., the unpainted spot disappears completely on equal 
illumination, and no sharp determination of this point is possible. 
Others are found “ hard,” the spot does not disappear sufficiently 
at the point of equal illumination, and in this case also a sharp reading 
is difficult to obtain. “Soft” discs carniot be improved, but “hard” 
discs may be softened to any desired point by very gentle warming 
the exact degree of softness found most suitable varies considerably 
with different observers. Further, owing to differences in the two 
surfaces, the point found for equal illumination often varies if the 
surfaces are reversed, and the disc should be, therefore, so arranged that 
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it can be reversed, half the readings being taken with one position and 
the other half after reversing the disc. If any great difference is found 
on reversing, the disc should be rejected. 

Another form of photometer head frequently employed in place of 
that of Bunsen, especially in Germany, is the Lummer-Brodhun disc box 
(Figs. 1 14 and 1 1 5). This consi^s of the metal box h (Fig. 1 14), in which 
a completely opaque white surface,/, is illuminated from both sidcT^ by 
the sources of light Li and (Fig. 115). The light falling on each 
side is reflected by the plane mirrors f and f-^ to the glass prisms A 
and B respectively; the former is a right-angled prism, the surface 
opposite the right angle being cylindrical, but having a small surface, 
i ground flat and closely pressed against the entirely flat surface, 0 w, 
of the prism B. The light from Ln, reflected from the right-hand side 
of the white disc p by the mirror illuminates the whole of the surface 
0 i and n w of the prism B, but the light falling on the portion i n 


by 



TV 


a 

Fig. 115. 

passes through the prism A, only the light from the surfaces 0 i 
and n w being reflected to the eye of the observer at n If, therefore, 
no light is coming from Lj, the field of light observed through the eye- 
piece appears that of a lighted surface with a dark circle in the centre. 
If, on the other hand, light only comes from Lj by reflection from /, 
and the mirror only the surface i i^is illuminated, and appears to the 
observer as a bright central spot in a dark ground. If light is coming 
from both sources, the centre spot and the field are both illuminated, 
and if the illumination of both surfaces of p is equal, the central spot 
disappears and a uniform field of light is obtained.^ 

^ The disc box is mounted on a carriage and moved to and fro along 
the bar till the point of equal illumination is found, just as with the 
Bunsen disc ; in this case also, to avoid errors from inequality of the 
two surfaces of the disc /, this is made reversible and an equal number 
,of readings are made-i|i each position of the disc. 
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Both forms of disc suffer from the objection that the point of equal 
illumination is less readily ascertained when the colours of the two 
flames tested are materially different. With ordinary luminous gas 
flames, the extent of this error is not great to a practised observer, but 
in other cases, such as in the testing of incandescent burners, it is much 
more serious. For such tests, the Simmance-Abady flicker photometer 
kead^ is largely employed. In this apparatus, reflections of each source 
ofdight are alternately transmitted to the observer in rapid succession by 
means of a specially arranged rotating disc, actuated by clockwork ; so 
long as the light from each source is unequal a flickering effect is 
noticed, but this ceases as soon as equality of illumination is obtained, 
irrespective of the colours of the sources of light. 

Procedure in Testing with the Bar-Photometer. The photometer 
is placed in a room capable of being completely darkened, and prefer- 
ably having the walls and ceiling painted dead black to avoid reflection. 
The room should be free from draughts, but at the same time 
thoroughly welf ventilated ; it should be maintained at a temperature 
not below 15°, and as little above this temperature as practicable. 
Imperfect ventilation and a low temperature very materially influence 
the results, and give rise to very considerable errors, usually in the 
direction of making the results too low, especially when the lo-candle 
pentane lamp is employed ; with candles the error may be in either 
direction. 

The gaS to be examined and the standard of light must be allowed 
to burn for at least ten to fifteen minutes before testing, in order to 
allow normal conditions of burning to be ascertained, more than this 
time being often necessary with candles. In the meantime the 
gas consumption of the burner is regulated to the desired rate. 
If the No. 2 Metropolitan Argand is being used, the rate of con- 
sumption is, as already mentioned, 5 cb. ft. per hour; but according 
to the instructions of the Gas Referees, a variation of 2 per cent, either 
way is permitted, due proportional correction being made in the 
calculations. Previous to testing, the damper of this burner must be 
screwed up until the flame in the chimney is just below the smoking 
point. 

Normal conditions being obtained, the usual procedure, where 
candles are employed, is as follows : — The two candles, prepared as 
described on p. 699, and burning in the candle balance, are nearly 
counterpoised by shqt, and when, on further burning, the pointer of the 
balance passes the zero point, the stop-clock or watch is started froin 
zero, the reading of the meter noted, and a 40-grain weight placed on 
the balance pan beneath the candles. Readings of the disc are taken 
at the commencement of each minute, the disc being reversed after the 
1 Proc. Phys. Soc., 1903-S, I9, 39 - 
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fifth reading; at the ninth minute the reading of the meter is observed 
and, after taking the tenth reading, the candle balance is watched, and 
the clock stopped as the pointer passes the zero mark; the time 
recorded shows the time required by the two candles to burn 40 grains. 
If each burned at the stand^ird rate of 120 grains per hour, this would 
be exactly ten minutes ; it is assumed that the actual amount of light 
emitted by the candles is proportional to the rate of burning, so'^hat 
if is the number of minutes a*nd seconds required for the burning^of 

40 grains, the light given by the two candles is - ^ If, however, 

the candles burn at a greater rate than 42 grains or at a less rate than 
38 grains in ten minutes (or, which comes to almost the same thing, if 
the time required to burn 40 grains is less than 9*5 minutes or greater 
than 10*5 minutes), this proportional correction does not hold good, and 
the test should be rejected. 

The calculation of the illuminating power of the gas for 5 cb. ft. of 
gas, measured moist at 60° F. and 30 in. pressure, is as Yollows : — If the 
average readings of the disc carriage, using two ^candles, is 8-2, the 
time of burming of 40 grains sperm 10 min. 12 sec. (io*2 min.), the 
rate of gas consumption 5-05 cb. ft. per hour at 64° F. and 29-6 in. 
pressure, the corrected illuminating power is : — 

5.05 X 10.2 X 0.976 

0*976 being the tabular number for correcting the volume of gas at 
64° F. and 29*6 in. to that of moist gas at 60'' F. and 30 in. as given 
in the table on p. 690. 

When the pentane standard is employed, it is unnecessary to make so 
many observations as in the case of candles, as the light emitted remains 
practically constant throughout ; in this case four readings are sufficient, 
the disc being reversed after two observations have been made. The 
rate of gas consumption is ascertained by observation of the time taken 
for two complete revolutions of the meter, which passes -^th of a cb. 
ft. per revolution, and at the rate of 5 cb. ft. per hour requires 120 
seconds for two revolutions, the exact rate of consumption being 

therefore — , where s is the number of seconds observed. If is 

s 

1 19 seconds, the average of the readings ' 15-82, the gas temperature 
65° R, and the pressure 30-25* (tabular number ~ 0-996), the corrected 
' illuminating power is : — 

^ 5 - 8 ^ X ”9 = 15.75 candles. 

120 X 0996 

The Table Photometer. In this form of photometer, the standard of 
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light and the gas burner are so arranged on a table that the light 
from each burner passes through an oblong hole in a screen on 
to a sheet of translucent white paper, free from water marks, 
thus illuminating two adjacent portions of the paper which just 
touch each other without overlapping. TThe observer, from a posi- 
tion on the opposite side of the paper from the sources of light, is 
able^to alter the conditions of the gas burner, either by varying the 
rate of consumption or by increasing or decreasing its distance from 
the screen, until both of the lighted portions of the paper appear 
equally illuminated. 

The general arrangement of this photometer, as now adopted by 
the Gas Referees, is shown diagrammatically in Fig. 1 16, and is fully 
described with all dimensions in the Gas Referees' Notification} The 
lo-candle pentane standard is fixed with the centre of the flame 
exactly looo mm. from the centre line of the surface of the translucent 
paper in the photoped place at the head of the table, the gas burner, 
in the presents form of the photometer, being placed on a sliding 
carriage, movable along the dotted lines shown, the line of move- 
ment being such tliat the angle of incidence of the ligjit from the 
burner at the centre line of the translucent paper is exactly equal 
to that of the light from the pentane burner at the same point. 
Suitable screens are provided to protect the eyes of the operator 
from direct rays of light from the flames ; two mirrors are also 
employed, gf which No. i allows the operator to observe the height 
of the flame of the pentane standard from his position at the head of 
the table, and No. 2 reflects light from the gas burner on to the face 
of the gas meter. 

The gas enters the meter and passes thence through the governor 
to the regulating cock at the head of the table, and then to the gas 
burner. Both standard and gas burner must be allowed to burn 
fifteen minutes before making a test, the gas consumption being 
regulated in the meantime as described for the bar-photometer. The 
requirements as to temperature and ventilation mentioned for the 
latter instrument apply equally to the table photometer. 

In the form of table photometer originally adopted, equality of 
illumination was obtained by varying the consumption of the gas with 
the regulating cock till equality of illumination was obtained, the gas 
burner being placed with its centre 1269 mm. from the photoped, so 
that when equal illumination obtained, the light given by the burner 
was 16 candles, the illuminating power for the 5 cb. ft. rate being ■- 
found by proportion from the observed consumption. A modification 
of the photometer employed to make it more suitable for works’ 
purposes and especially for making tests of carburetted water gas, 

^ Publighed by Wyman & Sons, Fetter Lane, London, E.C, 
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consisted in providing a number of sockets for the gas burner, placed 
at such distances from the photoped that, when equality of illumination 
was attained, the light given by the burner was 14, 15, 16, 17, 18, 19, or 
20 candles, as desired. 

The adoption of the M«tropolitan Argand burner No, 2, in which 
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^the gas consumption must be maintained at nearly S cb. ft. per hour, 
made it impossible to retain the above method of obtaining equality of 
illumination on the photoped, and this plan was, therefore, abandoned 
by the Gas Referees, in favour of placing the gas burner on a movable 
carriage as describe<^ above. This is actuated byj the operator by 
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means of a long rod attached to the carriage, and reaching to 
the head of the table, and is furnished with a pointer working over 
a scale which is graduated so as to read off the actual illuminating 
power directly. This method of operation is, however, open to the 
objection that the flame of the burning gas^, and especially that of the 
No. 2 Argand when the damper is a 4 justed, is very sensitive to any 
movtiment. 

^ In making a test by this method, after uniform conditions have been 
attained and the gas supply adjusted to within 2 per cent of the 5 cb. 
ft rate, the damper of the No. 2 burner (when employed) is screwed up 
until the flame is just short of the smoking point, and four readings 
taken by pushing the connecting rod to the burner to and fro until 
the illumination of the two lighted surfaces in the photoped is judged 
to be equal, and the average of the four readings taken. The tempera- 
ture of the gas and height of the barometer are noted, and the exact 
rate of consumption determined by observation of the number of seconds 
taken for two Complete revolutions of the gas meter (Jth cb. ft), the 
calculations being exactly the same as those given above for the bar- 
photometer when using the pentane standard. ♦ 

In all photometrical tests, it is, of course, essential for accuracy that 
the gas meter and stop-clock should be correct, and that the specified 
distances should be exactly maintained; all these points must be 
checked periodically and adjusted if incorrect. The meter is calibrated 
by means (?f a standard -j^^th cb. ft measure, and adjusted to correct 
reading by varying the water level in the meter. Suitable measuring 
rods are provided to check the distances of the various pieces of 
apparatus. 


VI.— INCANDESCENT MANTLES 
(a) Thorium Nitrate. 

Thorium nitrate, employed for the manufacture of incandescent 
mantles, has the composition, Th(N03)4, 4H2O, and, therefore, contains 
theoretically 47-85 per cent, of ThOg. Pfeiffer finds that the commercial 
product almost invariably contains at least this percentage of oxide, 
and this may therefore be taken as a minimum value which ought to 
be reached in all deliveries. For the manufacture of mantles, sulphuric 
acid should be absent as far as possible^, as only the nitrate yields a 
suitable oxide on ignition. Iron should be only present in traces, and^ 
chlorine should be absent, as, though in itself not specially objectionable, 
its presence is an indication of contamination with alkalis, which are 
most deleterious. Alumina, yttria, and ceria should also be absent, 
the presence of the latter being objectionable Ijecause it renders the 
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addition. of the proper quantity of cerium nitrate for the manufacture 
of the mantles more difficult. 

The analysis of the thorium nitrate is carried out by Pfeiffer as . 
follows : — Seventy grams of the salt are dissolved in water and made 
up to 200 C.C., after filtration; each lo c.c., therefore, contains 3-5 g. of 
thorium nitrate. . 

Thoria. Ten c.c. of the solution are diluted to 100 c.c., and i5 c.c. 
of the latter (==0-35 g.) evaporated in a platinum crucible, ignited, at 
first gently and then strongly, and the residual ThOg weighed. 

Sulphuric acid. Twenty c.c. of the solution are diluted, precipitated 
with a slight excess of oxalic acid to remove thorium, and diluted to 
300 c.c. The precipitate is filtered off without washing, and 1 50 c.c. 
of the filtrate ( = 3*5 g. nitrate) precipitated with barium chloride. If 
the thorium is not first removed, too high results are obtained. 

Chlorine is determined by titration with N \\0 silver nitrate. 

Alumina. Ten per cent potassium hydroxide is added in excess 
to a portion of the solution, the precipitated hydroxid? filtered off, and 
ammonium chloride added to the filtrate ; if alumina is present, the 
liquid beconfes opalescent 

Iron is most readily determined colorimetrically by means of 
potassium thiocyanate. 

Ceria. A portion of the solution is diluted in a colorimeter tube 
and I C.C. of concentrated hydrogen peroxide solution (Merck’s 
Perhydrol) added. On addition of ammonia, the thorium hydroxide 
precipitated is coloured orange if traces of ceria are present In 
very dilute solution the cerium may be determined colorimetrically 
in this manner, citric acid being added to prevent the precipitation 
of the hydroxides, in which case a clear yellow solution is produced, the 
depth of colour being proportional to the amount of ceria present^ 

Didymia and Lanthana. These bases may be tested for by adding 
20 c.c, of 10 per cent sodium carbonate solution to 10 c.c. of the 
thorium nitrate solutioa The carbonates first precipitated should 
dissolve after a time, as the carbonates of yttrium and zirconium 
are sparingly soluble in excess of sodium carbonate, and that of 
thorium readily soluble. Any residue indicates the presence of 
didymia or lanthana, the carbonates of which are insoluble in sodium 
carbonate solution. As, however, cerium carbonate is also only 
slightly soluble, its absence must first be proved. 

Yttria and Zirconia, A^’mantle made from the solution and placed 
^ on a Bunsen burner without a chimney should only give a sky-blue 
colour with but little luminosity.^ A bright white light indicates the 

^ Cf. Z, angew, Chem.^ 1902, 16, 300. 

2 B6hm {Fahrikatmi der Gliihkorper, 1910, p. 28) states that a mantle of pure thoria has a 
characteristic reddish colot2r.^but Pfeiffer does not agree with this statement. 
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presence of ceria, and a reddish or yellowish colour the presence of 
other earths. If other earths have been found to be absent, this is 
probably due to the presence of yttria and zirconia. 


(b) Mantles ready for use. 

€ 

The quality of a mantle depends not only on the amount and 
relative proportions of thoria and cerja present, but also on the 
material and method of weaving of the fabric used in its manufacture. 
The chemical examination of the mantle has been of little value in 
most cases, as its quality is so greatly affected by the presence of 
traces of impurities which cannot be readily estimated. In some 
cases it is important to know the total amount of earths present, 
which in an unburnt mantle may be determined by extracting with 
hot water, filtering, and precipitating the filtrate with oxalic acid and 
a drop of nitric acid ; the precipitate is ignited, and the oxides 
weighed. • 

Mantles which have been burnt off are heated with three times 
their weight of concentrated sulphuric acid on a sand-bath and poured 
into 20 C.C. of water. In twenty-four hours the sulphates dis- 
solve completely, and the solution, after neutralising the excess 
of acid with ammonia, is precipitated with oxalic acid as described 
above. 

The stability in shape of a mantle depends chiefly upon (a) the 
fabric employed and the method of weaving; •(5) the alkali content; 
{c) the total quantity of earths, the stability increasing with the 
amount; {d) the manner in which the organic material is burned 
off. Alterations in the shape of the mantle result in a diminution of 
the illuminating power, as the mantle then no longer remains through- 
out in the hottest portion of the flame, and diminution of the light 
also follows from the gradual disappearance of the finer threads of 
oxides from the mantle. 

For testing purposes, a number of mantles are picked out from a 
delivery and their illuminating power tested frequently over a lengthy 
period, and the manner in which this alters ascertained. So far as 
stability of shape is concerned, this is generally sufficiently evident 
after a burning period of four or five hours. 

The stability of the mantles towards mechanical shocks is also 
greatly dependent on the nature and m^hod of weaving of the fabric 
and on the total weight of oxides in the mantle. An apparatus for*^ 
» subjecting mantles to a series of shocks to test their stability has 
been devised by Woodall and Moon,^ and a certain number of 

^ QC J. H. Coste and W. E. F. Powney,y. Soc, Chem, Ind.^ 1911, 30, 65. The apparatus is 
made by Messrs T. Glover & Co,, Ltd., Edmonton. 
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mantles from a delivery are tested to destruction on this machine, 
which records the number of shocks necessary. 


VII.— PURIFICATION 

• 

Coal gas, after the removal of the ammonia, still contains a consfder- 
able amount of sulphuretted hydrogen, varying usually from o-8 to i-8 
per cent, which must be removed from the gas completely before 
distribution, penalties being attached by statute to the presence of 
appreciable quantities of this impurity in the gas. In carburetted 
water gas the amount of sulphuretted hydrogen is lower, varying from 
0*2 to 0-6 per cent Carbon dioxide is also present in the scrubbed 
coal gas to the extent of i to 3 per cent., and in carburetted water 
gas of 3 to 6 per cent, but as this impurity is only a diluent 
and not otherwise deleterious, its removal is in most cases no longer 
carried out 

The purification from sulphuretted hydrogen is* at present in most 
cases effected by passing the gas through moist, hydrated ferric oxide in 
dry purifiers. The sulphuretted hydrogen reacts in presence of alkali, 
forming ferric sulphide in accordance with the equation : — 

Fe 203 .^.H 20 + 3H2S = Fe2S3 + (;c: + 3)H20. 

If the gas is neutral or slightly acid, a mixture of ferrous sulphide 
and sulphur is formed : — 

Fe203.;t:.H20 + 3H2S = 2FeS + S-f (:v + 3)H20. 

As the crude coal gas is always slightly alkaline from the presence 
of small amounts of ammonia, the first reaction usually occurs in the 
purifiers. 

When the mass ceases to be active, it is removed from the purifier 
and exposed to moist air, the oxygen of which reconverts the ferric 
sulphide into oxide, with liberation of free sulphur. The revivified 
mass is then recharged into the purifiers and again fouled, and the 
revivification and fouling continued alternately until the mass contains 
from SO to 60 per cent, of sulphur, when it is sold for its sulphur content. 
The revivification of the ferric sulphide into oxide also goes on continu- 
ously in the purifier, owing ^o the presence of free oxygen in the gas, 
.^the most suitable proportion of oxygen being slightly above one-half 
the volume of the average percentage of the sulphuretted hydrogen 
present; when the oxygen accidentally drawn in does not reach this 
amount, more air is usually added. A rather higher percentage of 
oxygen is beneficial ^n increasing the amount of revivification m s/fu, 
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but the added nitrogen and excess of oxygen are objectionable on 
account of the increasing dilution of the gas produced. If the percent- 
age of oxygen is very high, the oxidation of the mass may proceed 
so rapidly that the contained sulphur is partially fused ; this leads to 
the formation of hard masses of the spent oxide, which can only be 
broken up and fully revivified with difficulty; in some cases even 
combustion of the sulphur takes place, Resulting in the fouling of the 
gas with sulphur dioxide. 

' Simultaneously with the absorption *of the sulphuretted hydrogen, 
the hydrocyanic acid of the crude gas is partially absorbed by the 
ferric compounds present, with the formation of crude Prussian blue, 
which accumulates sufficiently in the spent material, in many cases, 
to make the product saleable for this constituent as well as for the 
sulphur. 

The removal of carbon dioxide, when carried out, is effected by dry 
purification with slaked lime with which it combines, yielding calcium 
carbonate ; — ^ 

Ca(OH)2 + CO2 == CaCOg + H2O. 

* The spent material in this case consists chiefly of calcium carbonate, 
which has frequently no commercial value, and costs considerable sums 
for its removal. 

When the carbon bisulphide present in the gas has also to be 
partially removed, the impurities, carbon dioxide, sulphuretted hydrogen, 
and carbonipbisulphide are all removed by means of slaked lime ; the 
carbon dioxide is converted into calcium carbonate, and the sulphuretted 
hydrogen into calcium sulphhydrate, Ca(SH)2, which, in presence of 
limited quantities of oxygen, effects a partial removal of the carbon 
bisulphide. The spent material obtained in this case consists of a 
mixture of calcium carbonate, sulphides, sulphate, thiosulphate, salts of 
other oxy-acids of sulphur, thiocyanate, and free sulphur, the sulphide 
present giving it a very objectionable odour, which gives rise to serious 
complaints as to nuisance, and renders the spent material very difficult 
to get rid of when produced in quantity. Largely on this account, the 
statutory compulsion to reduce the amount of carbon bisulphide has 
recently been repealed, and the removal is now much less frequently 
carried out than formerly. On the Continent, the removal of the 
bisulphide has seldom been carried out at any time. 


• A. Fresh Materials ^ 

I. Oxide <?f Iron. 

Natural bog-iron ore is most largely used in this country, but other 
forms of natural ore, and also artificial oxides are ^ed to a considerable 
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extent, the latter being generally by-products from some other industry, 
such as the hydrated oxide of iron obtained in the preparation of pure 
alumina from bauxite. 

All of these products, and especially the bog-iron ores, contain, in 
addition to the water in chemical combination with the ferric oxide as 
hydroxide, a considerable amount of free moisture, but it is impossible 
to ascertain exactly the proportion of water present in each condidon, 
as the ferric hydroxide is usually present in the colloidal state, and the 
proportion of water to ferric oxide is not molecular, but varies according 
to the conditions. It is, however, customary to regard all moisture 
which is evolved on heating at ioo° as “free” moisture, and that given 
off on further heating as “ combined ” moisture. The composition of 
the ferric hydroxide, dried at ioo°, corresponds approximately to the 
formula, FcgOg-HgO, but it is doubtful whether this is a definite chemical 
compound. Bog-iron ores always contain large amounts of organic 
matter. The other oxides are usually mixed with sawdust or similar 
material to render them more porous. ^ 

The determination of the percentage of ferric oxide in a sample 
does not give any conclusive indication of its vaftie for purification 
purposes, as this depends largely upon the physical condition, as well as 
on the amount of the iron oxide present, and samples containing a 
high percentage of oxide are often much less suitable for purification 
than those containing a lower proportion. More valuable information 
in this respect is obtained by determining the amount of sulphuretted 
hydrogen which a sample will take up when completely saturated with 
the gas. 

For the control of the quality of such oxide supplied under contract, 
it is, however, frequently specified in the contract notes, that not only 
shall the moisture evolved at ioo° not exceed a specified amount, but 
also that the material thus dried shall contain a specified minimum of 
ferric oxide. The bog-iron ores contain large quantities of free 
moisture up to as much as 6o per cent, and a limit varying from 
40 to 50 per cent is frequently specified, with the further condition that 
the amount of ferric hydroxide in the dried material, calculated as 
Fe203.3H20, shall also fall below an amount varying from 60 to 70 
per cent 

Sampling. As the materials, and especially the natural bog-iron 
ores, often vary very greatly in composition in different portions of the 
same consignment, especial csyre must be taken in sampling the bulk, 
g.nd in sampling down from the first bulk sample to a quantity of 
400 to 500 g. {cf. Vol. I., pp. 9 et seql). 

Free Moisture. From 200 to 250 g. are crushed in a mortar and the 
often pasty mass forced by the pestle through a stout sieve of about 
10 meshes to the inch, and the product carefully mixed. This operation 
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should be carried out as quickly as possible in a cool, moist atmosphere 
to avoid loss of moisture from evaporation. From lo to 20 g, of the 
prepared sample are then dried in a water oven at 100° till no further 
loss of weight occurs (two to two and a half hours), the loss of weight 
being calculated as free moisture. ^ 

Analysis of the Dried Material From 100 to 200 g. of the 
material which has been passed through the lo-mesh sieve are dried 
in a basin on the water-bath until sufficiently dry to powder readily ; 
it Is then ground to pass through a sieve of 60 meshes to the inch, the 
sifted product well mixed, and about 10 g. dried in the water-oven till 
no further loss of weight takes place. 

Combined Water and Organic Matter, About 0-5 g. of the dried 
powder is gently ignited in a platinum crucible till all carbonaceous 
matter has burned off; the loss of weight gives the total amount of 
combined water and organic matter. 

Ferric Oxide and Silica, The ignited residue is ground to a very 
fine powder with a little water in an agate mortar, washed into a beaker 
with a small quantity of water, and boiled with 20 c.c. of pure concen- 
trated hydrochloric^acid until the residual silica is quite \}jhite. If the 
latter is to be determined, the solution is evaporated to dryness on the 
water-bath, the residue moistened with hydrochloric acid, the silica 
filtered off, washed, and weighed in the usual manner. In the filtrate, 
or if the silica determination is not required in the original hydro^ 
chloric acidp solution, the amount of iron is determined by reduction by 
any of the usual methods and titration with N\\o bichromate solution. 

Absorptive power for Sulphuretted Hydrogen, A portion of the 
sample which has passed through the lo-mesh sieve is placed in a 
weighed U~'^^t)e, which is again weighed to ascertain the weight of 
oxide taken. This is connected with a second U'^^be containing 
calcium chloride, and the two tubes weighed together. A slow current 
of sulphuretted hydrogen from a Kipp or similar apparatus, previously 
dried with calcium chloride, is then passed through the U "tubes till 
these undergo no further increase of weight Dry air is then drawn 
through the tubes to replace the sulphuretted hydrogen, and the tubes 
again weighed ; the increase of weight gives the amount of sulphuretted 
hydrogen taken up by the oxide. The percentage absorbed is prefer- 
ably calculated on the dried oxide ; it gives an indication of the com- 
parative value of the sample for purification purposes, a convenient 
method being to compare the figure thus obtained, in all cases, with that 
found by the same treatment with a known and tried sample of good 
material. 

The use of crude gas in place of pure sulphuretted hydrogen is not 
advisable, as the former always contains oxygen, which effects a partial 
revivification of the ferric sulphide, and as the percentage of oxygen 
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varies considerably from time to time, it is impossible to test different 
samples under uniform conditions. 

If the material is very wet, it is advisable to allow it to dry some- 
what in a desiccator over sulphuric -acid before passing sulphuretted 
hydrogen, due allowance for the water lost being made in the subse- 
quent calculations. 

2! Lime. 

The lime employed for the femoval of carbon dioxide should be„a 
well-burnt, readily-slaking, non-hydraulic lime, free from stone and 
other impurities and containing about 90 per cent, of calcium oxide and 
not more than i to 2 per cent, of carbon dioxide. The methods of 
analysis are fully described in Vol. L, pp. 658 et sea. 

For gas purification purposes, where it is desired to determine the 
amount of lime present as oxide, excluding that present as carbonate, 
a convenient method is to warm the finely powdered sample with 
a solution of cane sugar, which dissolves the oxide, forming a solution 
of calcium saccharate, but leaves the carbonate undissolved. The 
filtered solution is then titrated with normal hydrochloric acid, using 
methyl orange or phenolphthalein as indicator. 


B. Used Materials 

I. Spent Oxide. 

The analysis of th^ spent and partly spent oxide is frequently 
necessary : on the one hand, for control of the purifying process in order 
to ascertain the extent to which the material has taken up sulphuretted 
hydrogen and whether it is completely spent and ready for sale, and on 
the other hand, for the valuation of the product previous to sale. 

The only determinations usually necessary are those of free 
moisture, sulphur, and the percentage of Prussian blue ; only the first 
two are ordinarily required in the control of the purification processes. 
Occasionally, for special purposes, the amount* of ammonium thio- 
cyanate is also determined. 

Sampling. As with the fresh oxide, the composition of the spent 
material is apt to vary considerably throughout the mass, and to obtain 
a representative sample, the rules of sampling given in Vol. I., pp. 9 
et seq., must be carefully adhered to. 

Free Moisture. About 300^0 400 g. of the bulk sample are ground 
t^ pass through a sieve of 10 meshes to the inch, well mixed, and 
sampled down to 50 to loo g. About 10 g. of the product is heated in 
a water-oven at 100° for about one and a half hours, and the loss of 
weight taken as “ free ” moisture. In addition to the water, some of 
the cyanogen product^ present may undergo decomposition with loss of 
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hydrocyanic acid at this temperature, so that the loss may not be 
entirely due to water. Spent oxide, thus dried, must not be employed 
for the cyanide estimation, undried material being always taken for 
this purpose, or only such as has been dried at the ordinary temperature 
over sulphuric acid in a desiccator. Further, the drying must not be 
continued for much longer than one and a half hours, as sulphur is 
slowly but appreciably volatile at loo"^ 

Sulphur. For purification control purposes, and also as between 
b-uyer and seller, the estimation of free* sulphur is almost always made 
by extracting the latter with carbon bisulphide, as although the method 
is not free from objection, it is readily carried out, and gives results of 
sufficient accuracy for ordinary purposes, especially in view of the fact 
that the material is not a commodity which commands a high price. 

For the extraction of the sulphur, about lo g. of the spent oxide are 
dried, placed in a Soxhlet filter sheath, and extracted in a Soxhlet 
apparatus with boiling carbon bisulphide into a weighed flask. After 
extraction, tl^p carbon bisulphide is distilled off as completely as 
possible on the water-bath, air drawn through the flask whilst still in 
the water-bath f<3r about ten minutes, the residual sulphur heated 
carefully on a sand-bath till it is just melted, and the flSsk allowed to 
cool, and weighed ; the increase of weight of the flask gives the weight 
of sulphur in the spent oxide taken. From this, and from the known 
weight of spent oxide taken and its moisture content, the percentage of 
sulphur both in the undried and dried material can be calculated ; the 
former is termed the percentage on the wet basis, and the latter that 
on the dry basis. 

The carbon bisulphide employed for the extraction must be recently 
distilled, as free sulphur gradually forms in the liquid on exposure to 
light. 

The chief source of error in the method arises from the fact that 
the spent oxide almost invariably contains tarry matter, a considerable 
proportion of which is extracted, together with the sulphur, by the 
bisulphide. Where the quantity is large, which is generally noticeable 
from the dark colour of the extract, and the difficulty with which the 
extracted sulphur solidifies after fusion, a portion of the latter is 
oxidised by heating with fuming nitric acid on the water-bath for some 
hours, and the sulphur, thus oxidised to sulphuric acid, estimated by 
precipitation as barium sulphate. Pfeiffer effects the purification of the 
sulphur from 'tarry matter by adding g.bout I g. of blood charcoal to 
the carbon bisulphide solution before evaporation, allowing to stapd 
overnight, and then evaporating after filtering off the charcoal. 

Some spent oxide buyers specify that the extraction must be carried 
out with cold carbon bisulphide, holding that the hot liquid effects a 
more complete removal of the tarry matters than is the case with the 
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cold solvent. For this purpose, about 2 g. of the dried sample are 
placed in an ordinary filter paper and funnel, and extracted v^ith cold 
bisulphide, which is run on to the filter from a separating funnel, the 
stem of which passes through a hole in a clock-glass with which the 
funnel is covered ; 500 c.c; of carbon bisulphide effect a practically 
complete extraction. 

2. Cyanogen, 

As already mentioned, the ferric oxide always absorbs some of tlie 
hydrocyanic acid of the crude gas, and the spent oxide contains various 
cyanogen compounds, the most important of which are the insoluble 
double ferrocyanides of iron and ammonium, generally classed together 
as Prussian blue. In addition, derivatives of carbonylferrocyanic acid, 
H3FeCO(CN)5, are usually present, as well as thiocyanate ; the quantity 
of the thiocyanate increases and that of ferrocyanides decreases as the 
quantity of ammonia in the gas entering the purifier increases. The 
only products of value from the commercial point of viev? are the ferro- 
cyanides, though in many cases the carbonylferrocyanides are included 
in the analyses and returned as ferrocyanides. The thiocyanates can 
be recovered by extraction with water, but the product is so impure 
that its working up is now rarely carried out. 

Ferrocyanide. For the determination of the ferrocyanide content, 
40 g, of the undried, average sample of the material is placed in a 
capacious mortar with about 100 c.c. of water and 40 g.#of sodium 
hydroxide, well triturated with the pestle, and the whole allowed to 
stand for some hours with occasional trituration; the insoluble ferro- 
cyanides and carbonylferrocyanides are thus converted into the soluble 
sodium salts. Heating the mixture must be avoided, as considerable 
quantities of sodium sulphide are formed, and the latter, in presence of 
ammonia, effects a partial conversion of the ferrocyanides into 
thiocyanate. It is sometimes preferred to remove the sulphur by 
extraction with carbon bisulphide previous to treatment with sodium 
hydroxide, in which case there is less danger in heating the solution. 
Some samples of spent oxide contain very small amounts of insoluble 
ferrocyanide, probably in the form of ferrous ferrocyanides, which are 
not rendered soluble even on heating, but as these are also not 
recovered in the large scale working up of the products, the error thus 
caused is not of importance. 

The contents of the mortar^re then diluted, and either filtered and 
made up to 1000 c,c,, or made up directly to iooo*c.c. plus a volume of 
water approximately equal to that of the solid matter present, and an 
aliquot portion of the clear solution taken for analysis. 

If the carbonylferrocyanides present are to be included in the 
analytical result as feiprocyanide, 25 c.c. of the clear solution (=i g. of 
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spent oxide) are made slightly acid with sulphuric acid, an excess of 
iron alum solution added, and the mixture heated to 6 o\ but not higher, 
as otherwise loss of hydrocyanic acid may occur. The precipitated 
Prussian blue is filtered off, preferably by using a folded filter paper. 
Sometimes a small quantity of the precipitate passes at first through 
the filter; this must be refiltered an/i the refiltration continued until 
a small portion of the filtrate shows no blue coloration after destroying 
the colour of the ferric thiocyanate by addition of mercuric chloride. 

The precipitate is washed once or twice with water containing 
ammonium sulphate, the filter and precipitate transferred to a beaker, 
and decomposed by addition of a slight excess of potassium hydi'oxide 
solution. On filtering from the precipitated ferric hydroxide and 
washing, a fairly pure solution of ferrocyanide is obtained suitable for 
analysis. 

If carbonylferrocyanides are to be removed, 25 c.c. of the clear, 
original solution are mixed with 150 c.c. of methylated spirit, which 
precipitates t5^e whole of the ferrocyanide together with any sulphate, 
c.arbonate, or chloride present, whilst the whole of the sulphide, thio- 
cyanate, carbonylferrocyanide and excess of alkali remain in solution. 
Precipitation is complete in an hour, but it is preferable, if possible, to 
allow the mixture to stand overnight, as it then filters much more 
readily. The precipitated ferrocyanide is filtered off, washed with 
alcohol, dried at 100'', and redissolved in water. 

For the estimation of ferrocyanide in the solutions thus purified, 
three types of method are employed: — (i) ©irect estimation of the 
ferrocyanide by precipitation with a solution of a suitable metallic salt ; 

(2) Estimation of the amount of iron in the solution, and calculating 
from it the amount of ferrocyanide ; (3) Estimation of the hydrocyanic 
present. 

I. Direct Estimation of the Ferrocyanide by precipitation. This 
method, originally proposed by Bohlig,^ and more completely worked 
out by Knublauch,^ consists in titrating the solution, acidified with 
sulphuric acid, with a standard solution of copper sulphate, which 
precipitates the ferrocyanide as copper ferrocyanide, the addition of 
the copper solution being continued until a drop of the clear solution 
no longer gives a blue coloration with ferric chloride. In place of 
copper sulphate, a solution of zinc sulphate may be used, the method 
being the converse of that for the estimation of zinc by means of 
potassium ferrocyanide. Bohlig originally employed a solution of 10 g. 
of CUSO4.5H2O per litre, but one of 30 g. per litre is more generafiy*^ 
convenient. For the zinc sulphate solution, Skirrow^ finds that a 
strength of 465 g. of ZnSO^.yH^O per litre is most suitable. The 

1 Polytech, Notizblatt., l86i, 16 , 81. 2 y; Gasbekucht, 1889, 33, 450, 

3 J, Soc, Chem, hid,^ 1910, 29 , 3:^.*^ 
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solution, in either case, is standardised with pure potassium ferro- 
cyanide. 

To carryout the titration, the solution of ferrocyanide, previously 
freed from sulphide, if present, by shaking with lead carbonate and 
filtration, is placed in a b^in, acidified with sulphuric acid, and the 
copper or zinc solution added from a burette, with constant stirring, 
until the clear solution no longer gives a blue coloration with •an 
acidified solution of ferric chloride or sulphate. The end-point of the 
reaction may be ascertained either by filtering small portions of the 
solution through Swedish filter paper, and adding the ferric solution to 
the filtrate (mercuric chloride being also added to destroy the colour of 
ferric thiocyanate if present), or, a drop of the clear liquid may be 
placed on thick filter paper free from iron Schleicher and Schliirs 
drop reaction paper. No. 6oi), followed by a drop of the ferric solution 
placed so that it only comes in contact with the clear portion of the 
spot and not with the precipitate. Both plans give good results 
provided that the same time (one half-minute, one nilnute, or two 
minutes) is always allowed for the development of t^e blue coloration, 
both in stand^dising and in titrating, but the drop reaction paper is 
the more rapid and convenient A slightly larger quantity of copper 
and zinc solution is always used both in standardising and in the 
analysis when the filtration method is employed. 

This method gives good results, if certain conditions are rigidly 
adhered to, but not otherwise. The precipitate formed cofisists, not 
of pure copper or zinc ferrocyanide, but of a colloidal double ferro- 
cyanide of these metals with those of the other soluble salts present 
in the solution, and the composition of this precipitate and consequently 
the amount of copper or zinc solution used, varies considerably both 
with the nature and amount of such other salts present.^ For correct 
results it is essential that in the ferrocyanide solution tested, this shall 
be present as the same salt as that used for standardising the solution, 
and that approximately the same weight of other potassium or sodium 
salts should be present. With the copper solution, the error caused by 
non-adherence to this condition may amount to more than lO per 
cent, but with that of zinc this error is much less. 

As potassium ferrocyanide is the salt most readily obtained in a 
state of purity it is usually employed for standardising, and conse- 
quently the ferrocyanide must then always be converted into the 
potassium salt before analysis. With ferrocyanides of the alkaline 
earths this may be done by precipitation with potassium carbonate 
solution, but with the sodium and ammonium salts it is necessary to 
precipitate the ferrocyanide as Prussian blue and decompose the latter 
with potassium hydroxide. As, however, an excess of alkali must 
^ Colman, Analyst^ 1908, 33, 261. 
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always be used for the latter purpose, and this is converted into 
sulphate on acidifying with sulphuric acid, a larger amount of potassium 
sulphate is present in the solution titrated than when standardising 
with pure potassium ferrocyanide, which tends to make the result 
obtained rather low. 

This tedious precipitation as Prussian blue and .decomposition by 
potassium hydroxide may be obviated, and substantially correct results 
obtained with any ferrocyanide salt, if the standardisation and analysis 
are carried out in the presence of a considerable excess of potassium 
sulphate, as the effect of this salt is much greater than that of the other 
soluble sulphates.^ According to this method, the copper or zinc 
sulphate solution is standardised by a weight of potassium ferrocyanide 
approximately equal to that in the solution to be analysed, which is 
mixed before titration with 50 c.c. of a cold, saturated solution of 
potassium sulphate (containing about 5 g. K^SOJ. The solution to 
be analysed, which may then contain the ferrocyanide as any soluble 
salt, is similarly mixed with 50 c.c. of the saturated potassium sulphate 
solution before titration. The titration should be carried out rapidly, 
as on standing the precipitated ferrocyanide slowly undergoes change, 
some ferrocyanide passing into solution.^ 

Where the ferrocyanide solution is obtained by decomposing 
Prussian blue with potassium hydroxide, the solution frequently 
contains iron other than that present as ferrocyanide, which on addition 
of sulphuric acid forms sulphate and precipitates a small quantity of 
Prussian blue, thus tending to make the results low. In such cases 
Skirrow recommends the concentration of the solution to a small bulk, 
and filtering before acidifying ; the iron not present as ferrocyanide is 
thus largely removed. 

2, Estimation of the Iron in the Ferrocyanide Solution. This method, 
due to Rose^ and Leybold and Moldenhauer,^ consists in evaporating 
the dry ferrocyanide with concentrated sulphuric acid, whereby the 
iron is converted into ferric sulphate, in which form the iron is readily 
determined, either gravimetrically or volumetrically, by any of the 
commonly employed methods. A more convenient method of con- 
verting the iron into ferric sulphate, especially where this is in solution 
and would otherwise have to be evaporated, is that of Dittrich and 
Hassel,^ according to which the solution is slightly acidified with 
sulphuric acid, 2 to 3 g. of ammonium persulphate added, and the 
liquid boiled for twenty to thirty minutes. If any blue colour then 
persists, it may be removed by addition of hydrochloric acid and ^a 
little more persulphate. The iron is precipitated by ammonia as 
hydroxide and estimated either gravimetrically or volumetrically. 

i Colman, Analyst^ 1908, 33, 265. ^ cy Skirrow, he. cit. ^ Z. anal, Chem.^ 1862, i, 194. 

V- Gasheleucht., 1899, 33, 153. s ^6, 1929. 
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With fairly pure salts, containing only small quantities of other 
salts such as sulphates, this method gives excellent results, but it is 
unsuitable for crude gasworks products, as these and the solutions 
obtained from them mostly contain iron in forms other than ferro- 
cyanide, and the results may, therefore, come out decidedly high. 

3. Esthnation of the Hydrocyanic Acid. The method adopted for 
this purpose was originally proposed by Rose and Finkener,^ and lias 
been further developed by I;eld.^ It depends upon the fact that 
mercuric oxide converts a boiling solution of a soluble ferrocyanide 
into mercuric cyanide, from which the hydrocyanic acid may then 
be recovered by distillation with sulphuric acid in presence of 
chlorides. 

To carry out the determination, a solution containing about 0*3 to 
0*5 g. of potassium ferrocyanide or its equivalent, freed from sulphide 
if necessary with lead carbonate, is diluted to about 150 c.c., 10 c.c. 
of normal sodium hydroxide solution added, and the mixture heated 
to boiling. Fifteen c.c. of 3W magnesium chloride solution are then 
added in a thin stream, and the boiling continued fqr five minutes. (If 
any hydrocyatiic acid is present as cyanide, it is evolved at this stage, and 
may be condensed, collected, and determined by titration with Njio 
silver nitrate, the boiling in that case being continued for ten minutes.) 
One hundred c.c. of boiling N\io mercuric chloride solution are then 
added, and the boiling continued for a further ten minutes, after which 
the flask is connected to a condenser, 30 c.c. of 4W sulphiR‘ic acid run 
in by means of a stoppered funnel, and distillation continued for twenty 
to thirty minutes, the end of the condenser dipping under the surface of 
25 c.c, of sodium hydroxide solution placed in the receiver. In this 
manner the hydrocyanic acid present as ferrocyanide is obtained in 
the receiver as a solution of sodium cyanide, the amount of which is 
determined by dilution to 300 to 400 c.c., adding a little potassium 
iodide, and titrating with N\io silver nitrate until a permanent yellow 
precipitate of silver iodide is formed. Each cubic centimetre of silver 
nitrate solution equals 0*005403 g. of hydrocyanic acid, 0*01408 g. 
K^Fe(CN)g.3H20, 0*01614 g. of Na^Fe(CN)0.ioH2O, or 000955 g. of 
Fe,(CN),3. 

The Feld method of estimation has been found by many analysts 
to give accurate results, whereas Skirrow^ states that loss of hydro- 
cyanic acid takes place during the boiling with magnesium chloride 
and also during the later stages, either in the formation of mercuric 
^cyanide, or in the distillation with sulphuric acid*. Colman ^ finds that 
such loss is very slight under ordinary circumstances, and his results show 
that when the above conditions as to the length of time for which 

^ Z anal. Chem.^ 1862, l, 299. ^ J. Soc. Chem. Ind.^ 1910, 29, 319. 

^ J. Gashekucht.^ 1^0^, 4^, 565. Analyst., 1910, 35, 295. 
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the solution is boiled are adhered to, the results are substantially 
accurate. 

If the carbonylferrocyanides have not been previously removed by 
treatment with alcohol in the manner described above, their presence 
affects the estimation of ferrocyanides by rail these methods, as they 
are precipitated by copper and zinc salts, and the contained iron and 
cyanogen are determined together with that present as ferrocyanide in 
the last two methods given. Usually, the,amount of carbonylferrocyanide 
is small, amounting on the average to about 3 per cent, of the ferro- 
cyanide, but in exceptional cases it may amount to 20 per cent. 

3. Ammonia. 

The ammonium compounds soluble in water contained in the spent 
oxide may be estimated by triturating 50 g. of the material with 100 
C.C. of water in a mortar, and allowing to stand, with occasional 
trituration, for,..several hours ; the solution is then made up to 500 c.c. 
plus about 15 C.C. allowance for the insoluble matter present. A little 
magnesium chloride solution added before making up to the standard 
volume, facilitates the subsequent filtration. An aliquot portion of the 
solution, filtered through a dry filter, is then distilled with sodium 
hydroxide into normal sulphuric acid as described under ammoniacal 
liquor (p, 733). 

The total ammonia present may be determined in a similar manner 
by distillat?on of 10 g, of the spent oxide with sodium hydroxide, the 
difference between the two determinations giving the amount of 
ammonia present in the form of insoluble ammonium iron ferro- 
cyanides. 

4. Thiocyanate. 

The aqueous solution obtained as in the estimation of the soluble 
ammonium compounds may be employed for the estimation of the 
thioycanate. Fifty c.c. ( = S g- spent oxide) are precipitated as cuprous 
thiocyanate and titrated with silver nitrate, according to the method 
already described (677). 

Another method, depending on the fact that the sulphur in thio- 
cyanate is evolved as sulphuretted hydrogen when the solution is boiled 
with aluminium and hydrochloric acid, has been described by Feld.^ 
The reaction is : — 

3KCNS+4A1+18HC1 = 3KC1+4A1CI3+3NHP+3C+3H2S. 

The sulphuretted hydrogen given off is titrated with iodine and starch. 
Thiosulphates must first be destroyed by boiling with a solution of 
magnesium and mercuric chlorides. 

J, Gasbekucht^ 1903, 46, 561. c. 
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S. Crude Prussian Blue and other Cyanogen Products obtained 

in Gasworks. 

In some gasworks special processes are adopted for the recovery of 
the hydrocyanic acid before the purifiers, either as ferrocyanide or 
thiocyanate (p. 675). • 

The analysis of the various ferrocyanide products is carried out^by 
the methods described for the estimation of ferrocyanides in spent 
oxide. • • 

The analysis of the thiocyanate solution obtained in the British 
Cyanide Co.’s process, is carried out by precipitation as cuprous thio- 
cyanate, conversion of the latter into sodium thiocyanate, and titration 
with iVyio silver nitrate by Volhard’s method, as described on p. 677. 


VIII.— AMMONIACAL LIQUOR 

The aqueous condensates from the hydraulic main, foul main, and 
condensers, termed together “virgin liquor,” and the^ammoniacal liquor 
obtained by tjjeatment of the gas with fresh water in the washers and 
scrubbers, are usually collected together in a common well or wells. 
The combined liquor contains practically the whole of the ammonia 
present in the crude gas, together with a considerable amount of the 
sulphuretted hydrogen and carbon dioxide present in the latter. 

The liquor rarely, if ever, contains ammonia in the free s^ate (/.^., as 
hydroxide) ; it is usually entirely present as salts, of which the different 
sulphides and carbonates of ammonium constitute much the largest 
amount, whilst the chloride, thiocyanate, sulphate, thiosulphate, 
cyanide, and ferrocyanide are usually present in smaller quantity. The 
products primarily formed are the sulphides, carbonates, cyanide, and 
chloride, these being obtained from the sulphuretted hydrogen, carbonic 
acid, hydrocyanic acid, and hydrochloric acid respectively, contained in 
the crude gas ; the other salts are formed from these by secondary 
reactions. The oxidation of the sulphides gives rise in the first 
instance to thiosulphate and polysulphide, but the latter immediately 
combines with ammonium cyanide, forming the thiocyanate. The 
latter compound is also formed to a smaller extent by the combination 
of the ammonium sulphides with the carbon bisulphide of the crude gas, 
to form ammonium thiocarbonate, which then undergoes conversion 
into thiocyanate. AmmoniufU cyanide also probably acts on the 
1!hiosulphates to some extent forming ammoniilm thiocyanate and 
sulphite, and also attacks the iron of the apparatus slightly, forming 
ammonium ferrocyanide. The sulphites, and probably the thiosulphates, 
undergo slow oxidation to sulphate. 

Polysulphide is »arely found in ammoniacal liquor, owing to its 
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reaction with the ammonium cyanide present, and the latter is also 
usually, for the most part, converted into thiocyanate in liquor which has 
been stored for some time. The presence of free cyanide in liquor 
has often been denied, but Linder has shown that it is frequently 
present even in stored gasworks liquor. €oke oven liquors, in which 
case but little storage is practised, and^ therefore, little time allowed for 
the^ production of polysulphide by oxidation of the sulphide, often 
contain large amounts of cyanide, and^on working up the liquor into 
ammonium sulphate, the waste gases may retain very considerable 
amounts of hydrocyanic acid, and become dangerous on account of the 
poisonous nature of this gas.^ 

In addition, the liquor always contains a considerable quantity of 
organic matter, of which the phenols form the largest proportion, and 
small amounts of nitrogenous bases, such as pyridine, and probably also 
amino-derivatives. 

The ammonia present as sulphide, carbonate, and cyanide is dis- 
tinguished as ^volatile” ammonia, inasmuch as the ammonia present in 
this form is completely volatilised on boiling the liquid ; the remainder 
is termed ‘‘ fixed ” ammonia, as it can only be driven off by addition of 
a sufficient amount of a stronger alkali to combine with the whole of the 
remaining acid radicals present. In the combined gasworks liquor, 
some 75 to 8o per cent, of the ammonia is usually present in the 
“ volatile ” form ; in the virgin liquor the proportion of “ fixed ” ammonia 
often amoimts to 50 per cent, of the whole. 

Strength of Ammoniacal Liquor, For tlcft most part, the only 
determination made of the liquor is the total quantity of ammonia 
present, and in this country the strength is usually expressed by stating 
the number of ounces (by weight) of sulphuric acid required to 
neutralise the ammonia present in i gallon of the liquor, this figure 
being known as the “ oz. strength.’* Thus, for example, if a gallon of 
liquor requires 9*3 oz. of sulphuric acid per gallon, this would be known 
as 9*3 oz. liquor. For statistical purposes, such as expressing the yield 
of ammonia per ton of coal carbonised, or for the sale of liquor in bulk, 
it is customary to convert all quantities of such liquor into the 
equivalent volume of 10 oz. liquor.” 

The following figures may be employed to obtain more generally 
familiar figures from those given in terms of oz. strength : — 

Oz. strength -■= 4.61 xgrams^NHg per 100 c.c. 

I gall, of :^o oz. liquor = 1518 grains or 0.2169 lb. NHg ^ 

= 0.8412 lb. (NHJ2SO4. 

Specific Gravity of Ammoniacal Liquor, As the ammonia is always 
present in the form of salts, the specific gravity of the liquor ia 
^ Cf, Report on Alkali^ etc, ^ Works ^ I9Q6, 
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always greater than water, and contrary to the case of solutions of pure 
ammonia, it increases with an increase in the contained ammonia. For 
the purpose of the control of the working of the washers and scrubbers, 
the strength of the liquor is always inferred from its density, as 
determined by Twaddell’s hydrometer, it having been found that each 
degree Tw. corresponds approximately to 2 oz. strength of liquor, so 
that the oz. strength is found roughly by doubling the Twaddell 
hydrometer reading. Naturally, owing to the varying proportions of 
the ammonium salts present, this estimate is only of a very approxi- 
mate nature, and although sufficiently accurate for works control 
purposes, is quite inadmissible if any degree of accuracy is required. 
Thus, a liquor showing S°Tw. and taken as 10 oz. strength may vary 
actually between 8 oz. and 12 oz. in extreme cases, and in the case of 
virgin liquor especially, the strength inferred from the density is much 
too high. 


A. Analysis of Ammoniacal Liquor 

I, Total Ammonia. — For the exact estimation of the ammonia, the 
usual method of distilling it off in presence of an excess of fixed alkali, 
and collecting the distillate in a known volume of standard acid, is 
almost invariably employed. 

For this purpose, 10 c.c. to 25 c.c., according to the strength of the 
liquor, is placed in a flask, diluted to about 200 to 2 50 c.c., ^0 c.c. of 5 
per cent sodium hydroxide solution added, and the liquid distilled for 
about twenty minutes, or until about 150 c.c. have passed over. The 
liquid must not be distilled to dryness, as otherwise some ammonia may 
be formed by the decomposition of thiocyanates, etc. The distilling 
flask is provided with a drop-catching bulb, as shown in Fig. 117, to 
prevent the mechanical carrying over of drops of the alkaline solution, 
and the steam, etc., may be passed through a condenser and the distillate 
collected in 25 c.c. of normal sulphuric acid. Or, the vapours may be 
passed, without condensation, direct into the normal acid, with equally 
correct results, provided precautions are taken to prevent the mechanical 
loss of the liquid by spurting. This may be done by fitting the 
receiver with a doubly-bored rubber stopper, the delivery tube from the 
distilling flask passing through one hole, and the other carrying a 
calcium chloride tube filled with broken glass, care being taken that the 
glass used has not an alkaline^reaction. At the conclusion of the dis- 
tillation, the contents of the receiver, cooled if fiecessary, are titrated 
with normal sodium hydroxide, using methyl orange as indicator. The 
difference between the volume of Nji alkali required and the volume of 
sulphuric acid taken represents the number of cubic centimetres of 
sulphuric acid neutralised by the ammonia in the quantity of liquor 
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taken, each cubic centimetre being equal to 0-01703 g. of NHg. For 
example, 10 c.c. of liquor were taken, and distilled into 25 c.c. of iV/ 1 
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H2SO4, and^i2-2 c.c. of N/i NaOH were required for the neutralisation 
of the distillate. Then : — * 

• Grams ammonia per 100 c.c. 

(2s - 12.2) X 0.01703 X 100 o z: 

= 1 = 2.18x4.61 = lo.o^ oz. 

10 

2. Volatile Ammonia. — For the separate determination of the volatile 
ammonia, the analysis is carried out in exactly the same manner as 
above, with the omission of the addition of sodium hydroxide to the 
liquor before distillation. On continuing the distillation for a longer 
period than there given (twenty minutes), traces of ammonia continue 
to come over for a long time : these are, however, probably not 
ammonia present as sulphide and carbonate, but result from the decom- 
position of the organic nitrogenous compounds present in the liquor. 

Direct determination of the volatile ammonia, by titrating the liquor 
with sulphuric acid, using methyl orangG as indicator, does not give 
satisfactory results, th6 end-point of the reaction being very uncertain/ ^ 

3. Fixed Ammonia. — This may be determined by addition of sodium 
hydroxide to the residue in the distillation flask after the determination 
of the volatile ammonia, or by deducting the amount of volatile am- 
monia from the total ammonia. 



AMMONIACAL LIQUOR 


735 


B. Complete Analysis 

The analysis of the remaining constituents of the ammoniacal liquor 
is not required in the ordinary gasworks routine, but is of use for 
special purposes. The first full scheme of analysis was proposed by 
Dyson, ^ but the subject was much more completely worked out by 
Linder.^ Mayer and Hempel ^ have also studied the subject, and come 
to conclusions which are substantially in agreement with those of 
Linder. • • 

The estimation of total, volatile, and free ammonia is carried out as 
described above; the methods for the remaining constituents are as 
follows : — 

1. Carbonic Acid. — Ten c.c. of liquor (or more if dilute) are diluted 
to 400 c.c. in a flask fitted with a Bunsen rubber valve, 10 c.c. of am- 
moniacal calcium chloride solution (i c.c. = 0-044 g- CO2) ^dded, and the 
whole heated on a water-bath for one and a half to two hours. The 
precipitated calcium carbonate is filtered off, washed, ihe precipitate 
washed back into the flask, dissolved in a known volume of Njz hydro- 
chloric acid, and the excess of acid titrated backr with NI2 sodium 
carbonate, using methyl orange as indicator. The small amount of 
calcium carbonate remaining on the filter is best recovered by incinera- 
tion, the ash being placed in the flask before adding the acid. 

Grams COg per 100 c.c. = o.oii x 10 x c.c. of NI2 acid used. 

2. Hydrochloric Acid. — Ten c.c. of liquor are diluted •to 150 c.c., 
boiled to remove volatile ammonia, and then boiled for a further 
fifteen minutes with addition of 25 c.c. of hydrogen peroxide (10 vols.). 
Five or six drops of 10 per cent, potassium chromate solution are then 
added, and the whole boiled for two minutes, after which a slight excess 
of sodium carbonate is added, and the boiling continued for one minute. 
The filtered and cooled solution is made up to 250 c.c., and an aliquot 
portion titrated with neutral Njio silver nitrate, after neutralisation with 
dilute nitric acid. 

Grams HCl per 100 c.c. = 0.00364 x 10 x total c.c. Njio AgNOg. 

A blank experiment should be made with 10 c.c. of Njio sodium 
chloride solution, and the same volumes of water, peroxide, chromate, 
and carbonate, to determine the correction for traces of chloride in the 
reagents used. If, however, Merck’s perhydrol is used and pure sodium 
carbonate solution, this correction is, as a rule, unnecessary. 

Sometimes the organic matter resists oxidation, in which case more 

^ J, Sec, Ckem.Ind,^ 1883, 2, 229. 

2 Reports on Alkali^ eic.^ Works^ 1902, p. 71 ; 1903, p. 31 ; 1904, p, 27 ; 1905, p. 26 j 1906, p. 
33 ; 1907, p. 53 ; 1908, p. 17 ; 1909, p. i 5 - 

^ J, Gashekucht.^ 1908, y, 381. 
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hydrogen peroxide must be added, and the boiling continued for a 
longer time. 

3. Sulphuric Acid.^ — Two hundred and fifty c.c. of the liquor are 
concentrated to about 10 c.c., 2 c.c. of concentrated hydrochloric acid 
added, and the evaporation continued to decompose the thiosulphate, 
and render the organic matter less soluble. The residue is extracted 
with water, filtered, made up to 250'* c.c., and 100 c.c. precipitated as 
barium sulphate in the usual manner. 

Grams HgSO^ per 100 c.c. * = BaSO^ x 0.4202 

„ S as H2SO4 per 100 c.c. = BaSO^ x 0.1374. 

4. Sulphuretted Hydrogen. — According to Linder, 10 c.c. of the 
liquor (or more if dilute) is added to an excess of an ammoniacal zinc 
chloride solution, diluted to about 80 c.c. with warm water, the solution 
heated to about 40° to coagulate the zinc sulphide, which is then filtered, 
and washed with water at 40° to 50°. The zinc sulphide is washed from 
the filter into an excess of Njio iodine solution mixed with hydro- 
chloric acid, t^ie last traces being dissolved from the filter by cold dilute 
acid. After vigorous shaking to effect complete solution of the zinc 
sulphide, the excess of iodine is determined by titration with Njio sodium 
thiosulphate and starch. 

Grams HgS per 100 c.c. = 10 x 0.0017 x c.c. Njio iodine used 
„ S as HgS per 100 c.c. = 10 x 0.0016 x c.c. Njio „ 

Mayer ^nd Hempel prefer to employ a cold solution of ammoniacal 
zinc acetate for precipitation of the zinc sulphide, and to wash with cold 
water containing ammonium salts, but otherwise they proceed in the 
same manner as Linder. 

5* Sulphite and Thiosulphate. — Linder finds that no exact method 
of determination of these constituents in liquor is possible based on the 
use of iodine, save in exceptional cases. A united figure for these two 
constituents may be obtained by difference by subtracting the amount 
of sulphur present as sulphate, thiocyanate, and sulphide from the total 
sulphur content. 

Mayer and Hempel have suggested the determination of the follow- 
ing data as an approximate method The total quantity of iodine taken 
up by the original liquor is first ascertained, the number of cubic centi- 
metres required being noted by A. To get a definite end-point in the 
reaction, the acidified liquor must not be titrated directly with iodine, 
but an excess must be added, and the exf;ess of iodine titrated back with 
thiosulphate and starch. In another equal volume the sulphuretted , 
hydrogen is determined by the method given above, the number of cubic 
centimetres of iodine required being denoted by B. A further equal 
volume is then mixed with an ammoniacal solution of zinc and 
strontium chlorides, the former removing the sulphide and the latter 
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the Sulphite. The filtrate contains the thiosulphate and is titrated with 
iodine as before, the number of cubic centimetres of iodine required 
being denoted by C. The following data are thus obtained in terms of 
the iodine solution : — 

Sulphide = B 

Thiosulphate = C 

Sulphite • = A-(Bh-C). 

The figures for sulphite and especially for thiosulphate are probably 
only very approximate, owing ’to the fact that the organic mattSr 
present in the liquor materially affects the quantity of iodine used both 
in the titration of the original liquor, and in that of the liquor after 
removal of the sulphide and sulphite. 

6. Total Sulphur. — Fifty c.c. of liquor (loo c.c. if dilute) are slowly 
dropped into a flask containing an excess of bromine free from sulphur, 
covered with water moderately acidified with hydrochloric acid, the 
flask being constantly shaken during the addition. The oxidised 
solution is evaporated to dryness on the water-bathf the residue 
extracted with water, made up to 250 c.c., and 100 c.c. precipitated as 
barium sulphate, which is filtered off, dried, and weighed. 

Grams sulphur per loo c.c. = 5 x 0.1374 x g. BaS04. 

Certain liquors, especially from coke ovens and blast furnaces, yield 
a heavy precipitate of brominated phenols, which retain traces of 
sulphate. This is recovered by fusing the residue insoluble in water 
with as small a quantitj^ as possible of potassium carbonate and nitrate, 
or of sodium peroxide, and subsequent precipitation with barium 
chloride. 

7. Thiocyanate. — i. Ferrocyanide absent Fifty c.c. of liquor are 
treated with lead carbonate to remove sulphide, the lead sulphide and 
excess of lead carbonate filtered off and washed, the filtrate treated with 
sodium sulphite containing sulphurous acid, so that it is just acid, 
warmed, an excess of 10 per cent, copper sulphate solution added, and 
the whole digested at 70° to 80° for five to ten minutes. The precipi- 
tated cuprous thiocyanate is filtered off, washed free from copper 
solution, the filter paper and precipitate then transferred to the beaker 
or flask used for the precipitation, and digested at 30° to 40° with 25 c.c. of 
4 per cent, sodium hydroxide free from chloride. After filtering off and 
washing the cuprous hydroxide formed, the cold filtrate is acidified with 
dilute nitric acid free from oxi^ies of nitrogen, filtered if necessary, and 
titrated with N\io silver nitrate, using iron alum as indicator {cf, also 
p. 677). 

I c.c. iV/io AgNOg = 0.007612 g. NH4CNS 
= 0.002702 g. HCN 
= 0.003207 g. S. 



738 


ILLUMINATING GAS AND AMMONIA 


2. Ferrocyanide present. Fifty c.c. of liquor are made just acid by 
sulphuric acid, ferric alum solution added till the solution is strongly 
coloured by ferric thiocyanate, the solution warmed to 6o°, filtered 
from precipitated Prussian blue through a folded filter, and the precipi- 
tate washed with water containing sodium^or ammonium sulphate ; the 
filtrate is then treated as above. 

^8. Hydrocyanic Acid. — For this •estimation Feld’s method is em- 
ployed. Fifty C.C. of the liquor are diluted to about 250 c.c. in a large 
ftask, a solution of about S g* of load nitrate added, and the whole 
distilled for 20 to 30 minutes, the steam evolved being condensed and 
collected in 25 c.c. oiNji sodium hydroxide in a receiver, the end of the 
condenser dipping below the surface of the liquid. The cyanogen 
present in the form of cyanide distils over as hydrocyanic acid and is 
converted into sodium cyanide in the receiver, its amount being esti- 
mated by diluting the distillate to 400 c.c, adding a crystal of potassium 
iodide and titrating with iVyio silver nitrate until a permanent precipi- 
tate of silver ipdide is formed. 

Grams HCN per 100 c.c. = 2 x 0.005403 x c.c. Njio AgNO^. 

In some cases the liquid froths up considerably durftig distillation, 
and it is, therefore, advisable to use a flask of large capacity and to heat 
cautiously at first. 

9. Ferrocyanic Acid. — Feld’s method is also employed for this 
determination. Two hundred and fifty c.c. of the liquor is made just 
acid with gulphuric acid, ferric alum solution added till the solution is 
strongly coloured by ferric thiocyanate, and th^ whole warmed to 60®. 
The precipitated Prussian blue is then filtered through a folded filter, 
which usually retains it completely. If, however, some passes through, 
the filtrate is returned to the filter until a small portion shows no blue 
colour when the ferric thiocyanate coloration is destroyed by mercuric 
chloride ; the precipitate is washed with water containing sodium or 
ammonium sulphate. The filter and precipitate are then transferred to 
a flask and boiled for five minutes with 10 c.c. of Nji sodium hydroxide 
and analysed by the Feld method as described on p. 729. 

I c.c. Nlio AgNOg = 0.00947 g. (NH,),Fe(CN)6 
- 0.00714 g. B.^Fe{CN)Q. 

10. Phenols. — For the estimation of the amount of phenols in 
ammoniacal liquor, the most suitable method is that of Skirrow,^ which 
depends on the isolation of these compounds, by distillation of the 
acidified liquor with steam, and treatment of the distillate with a?i-^ 
excess of standard iodine solution and titrating back with sodium thio- 
sulphate according to the method of Messinger and Vortmann.^ 

1 y, Soc. Chem, Ind,^ 1908, 27, 58. 

2 Ber,,, 1889, 22, 2313 ; Cf. also Korn, Z. anal^ 45, 552, 



Ammoniacal liquor 


tad 


The treatment with iodine takes place in alkaline solution, the 
reactions being as follows : — 

(i.) 6NaOH + 3T2 = sNalO + sNal + sHp 

(ii.) CeHgOH + sNalO = C5H3T3O + sNaOH. 

Each molecule of phenol (or its homologues), therefore, effects the 
conversion of six atoms of iodine ihto tri-iodophenol and sodium iodide, 
and the excess, above this proportion, forms a mixture of sodium 
hypoiodite and iodide with th^ alkali, which on addition of acid is 
converted into free iodine, and may be estimated with sodium thio- 
sulphate : — 

NalO + Nal + HgSO^ = + NsgSO^ + H^O. 

To carry out the estimation, 100 c.c. of liquor are treated with 
ammonium polysulphide solution to convert any cyanide into thiocyanate, 
and diluted, after standing, to 200 c.c., and the sulphuretted hydrogen 
removed by treatment with lead carbonate and filtration tjjrough a dry 
filter. An excess of sodium hydroxide (25 c.c, of a 50 per cent, solution) 
is added to 100 c.c. of the filtrate (=50 c.c. of original liquor), and the 
liquid evaporafcd until separation of salts takes place; the residue is 
washed into a distilling flask, diluted to about 150 c.c., and when cold, 
acidified with sulphuric acid. The liquid is then distilled until salts 
separate, yielding ‘‘distillate i”; 100 c.c. of water are added to the 
distilling flask, again distilled forming “ distillate 2,” and the operation 
again repeated yielding “ distillate 3.” Each distillate is treated with 
I g. of precipitated calctum carbonate and a little lead carbonate to 
remove acid and sulphuretted hydrogen, and again distilled, “ distillate 
I being distilled first, No. 2 then added to the distilling flask and 
distilled, and finally No. 3 distillate in the same manner. The combined 
distillates, which consist of a pure solution of the phenols contained in 
the liquor, are then made up to 500 c.c. 

Fifty c.c. of this solution (=10 c.c. of original liquor) is made slightly 
alkaline with sodium hydroxide, warmed to 60°, an excess of Njio 
iodine solution added, the flask stoppered, and allowed to cool with 
frequent shaking ; the liquid is then acidified and titrated with Njio 
sodium thiosulphate, using starch as indicator, the end-point of the 
reaction being indicated by a transition of colour from blue to rose 
pink. 

Each cubic centimetre of iodine used corresponds to 0^001567 g. of 
phenol ; the number of grams of phenol per 100 c.c. of liquor, if the 
^ove quantities are taken, is therefore — 

10 X o.ooi 567 X c.c. of iodine used. 

An excess of alkali makes the end-point of the reaction less sharp ; 
it is, therefore, advisable to make a first titration, using 2 c.c. of Nji 
n 3 A 
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sodium hydroxide, and then to make a second titration in which 
4 gram-molecules of sodium hydroxide are present for each gram- 
molecule of phenol found in the first experiment. 

The phenols present are all calculated as phenol itself, C^HgOH, but 
as a matter of fact some 35 per cent, of the whole consists of higher 
homologues, chiefly cresols; as the latter combine with a smaller 
proportion of iodine than phenol, the* results obtained are rather low. 

For a quick, approximate estimation of the phenols in ammoniacal 
liquor, White and Clary ^ acidify i litr^ of the liquor with concentrated 
hydrochloric acid, extract with 100 c.c. of chloroform by shaking in a 
separating funnel, and evaporate the chloroform extract in a flask. The 
weight of residual phenols amounts approximately, under these con- 
ditions, to one quarter of the total amount present. 


IX.— LIQUOR AMMONIA AND LIQUEFIED AMMONIA 
^ A. Manufacture 

In the manufacture of pure ammonia solution or of the liquefied 
gas, the whole of the acid constituents present in the gas liquor must 
be removed by alkali. Lime is almost always employed for this 
purpose on account of its cheapness, a sufficient amount being added 
to the liquor before distillation to combine with these acids including 
the whole of the carbon dioxide and sulphuretted hydrogen ; or, if only 
sufficient lime be added to decompose the fixed ammonium salts, the 
gas evolved is freed from these gases by washing with hot milk of 
lime, to which, in some cases, ferrous or ferric sulphate is added, the 
resulting iron hydroxide effecting the complete removal of sulphuretted 
hydrogen. 

In order to economise lime, the liquor is often first heated without 
any addition of lime, when a large proportion of the sulphuretted 
hydrogen and carbon dioxide is evolved, accompanied by only a small 
proportion of ammonia ; the latter is removed by washing the gases 
with weak liquor or water, or, if the manufacture of liquor ammonia be 
combined with that of the sulphate, by allowing the gas to pass through 
the sulphuric acid in the saturator of the plant employed for the latter 
purpose. 

Valuation of the Lime. — The methgds of analysis are fully described 
in Vol, L, p. 483. „ The figures thus obtained for the percentage ^of 
lime, do not, however, always represent correctly the true relative 
value of a sample for this particular purpose as some particles of the 
latter may not be obtained in a sufficiently, finely divided state on 
“ 1 /. Gas Lighting, 1905, 92, 467. ^ 
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slakfng, or may become covered with a layer of calcium carbonate, and 
thus act very slowly, if at all. On this account, an excess of lime above 
that theoretically required is always employed. 

Pfeiffer ^ estimates the amount of active lime present in the following 
manner : — A large average sample is broken to the size of beans, and 
then further crushed and sampled in the laboratory. Seventy grams of 
the product is poured into 750 b.c. of boiling water in an enamelled 
saucepan provided with a cover, and, after slaking, made up to a litre. 
Twenty c.c. of the well-shaken ci^am are then withdrawn by a pipette 
having a wide delivery tube, and quickly titrated with Nji hydrochloric 
acid, using phenolphthalein as indicator, until the red colour disappears ; 
the hydrochloric acid used represents the active lime present. The less 
active lime slowly dissolves, and the red colour reappears ; quantities 
of 0-5 C.C. of acid are then added successively, until no reappearance of 
the red colour occurs after an interval of five minutes ; the additional 
quantity of acid used represents the less active lime. The older the 
lime, the greater is the quantity of less active lime found 

The amount of lime required for any sample of liquor may be found 
from a determination of the amounts of fixed ammonia, carbon dioxide, 
and sulphuretted hydrogen contained in it, and calculating the amount 
of lime therefrom, in accordance with the following figures. 

Each 17 parts of fixed ammonia require 28 parts of lime. 

?> 22 ,, CO2 . • 57 55 55 

55 34 55 ^2® • • 55 5 ^ 55 55 • 

The amount may be^found more conveniently by boiling 25 to 50 
C.C. of gas liquor (or 100 c.c. of heated liquor) with 40 c.c. of milk of 
lime, prepared in the manner described above, until no more ammonia 
is evolved, allowing to cool, adding phenolphthalein, and titrating with 
Nji hydrochloric acid until the red coloration disappears. Each cubic 
centimetre of Nji HCl = 0-02805 g. CaO. The acid thus required 
corresponds to the unaltered excess of lime ; the difference between 
this and the amount of lime taken, estimated by direct titration of a 
further 40 c.c. of the milk of lime with Nji acid, gives the quantity of 
lime theoretically required for the volume of liquor taken. 

B. Pure Ammonia 

1. Strength of Solution. — This is usually estimated from the specific 
gravity by the Table given on f). 742, but may also be determined by 
-titifation with standard acid. The strongest ammonia sold commercially 
has a sp. gr. of about o-88o; it contains 36 per cent, of ammonia, and is 
sold as ^^0-880” ammonia. 

2. Inorganic Impurities. — These comprise sulphuretted hydrogen 

^ J, GasheleiiciU^ 1898, 41, 69, 113 j igco, 43, 89 ; 1903, 46, I. 
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and carbon dioxide, if too little lime has been used for the distillation ; 
chlorine and lime, which find their way from the condenser water to 
the pure water in the absorption vessels in case of leakages in the 
apparatus, and traces of iron and copper. These are tested for quali- 
tatively with the following reagents in succession : — Ammoniacal lead 
acetate solution, calcium chloride, mixture of acetic acid and silver 
nitrate, oxalic acid, ammonium sulpfiide, and ammonium thiocyanate. 
Commercial ammonia should be free from these impurities. 


Specific Gravities of Ammonia Solutions at 15° C.^ 


Sp. gr. 
at 15°. 

Per cent. 
NH 3 . 

1 litre 
contains 
Nfls at 15° 

g- 

Correction. 

of the 
sp. gr. for 
± 1 “. 

Sp. gr. 
at 15°. 

Per cent. 

NH 3 . 

1 litre 
contains 
NHs at 15° 
g- 

Correction 
of the 
sp. gr. for 
il'’. 

1*000 

0-00 

0-0 

0*00018 

0*940 

15-63 

146-9 

0*00039 

0-998 

0-45 

4*5 

0*00018 

0*938 

16-22 

152-1 

0-00040 

0-996 

0-91 

9-1 

0*00019 

0-936 

16-82 

157-4 

0-00041 

0-994 


13-6 

0*00019 

0-934 

17-42 

162-7 

0-00041 

0-992 

1-84 

18-2 

0*00020 

0-932 

18-03 

168-1 

0-00042 

0-990 

2-31 

« 22-9 

0*00020 

0-930 

18-64 

173-4 

0*00042 

' 0-988 

2-80 

27-7 

0-00021 

0-928 

19*25 

178-6 

0-00043 

0-986 

3-30 

32-5 

0*00021 

0*926 

19-87 

18^-2 

0-00044 

0-984 

3-80 

37-4 

0-00022 

0*924 

20-49 

189-3 

0-00045 

0-982 

4-30 

42-2 

0-00022 

0-922 

21-12 

194-7 

0-00046 

0-980 

4-80 

47-0 

0-00023 

0-920 

21-75 

200-1 

0-00047 

0-978 

5*30 

51-8 

0-00023 

0-918 

22-39 

205-6 

0*00048 

0-976 

5-80 

56-6 

0-00024 

0-916 

23-03 

210-9 

0-00049 

0*974 

6-30 

• 61*4 

0*00024 

0-914 

23-68 

216*3 1 

0-00050 

0-972 

0 6-80 

66-1 

0-00025 

0-912 

24*33 

221-9 

0*00051 

0-970 

7-31 

70-9 

0-00025 

0‘910 

24*99 

227-4 

0-00052 

0-968 

7-82 

75-7 

0-00026 

0-908 

'* 25-65 

232-9 

0-00053 

0-966 

8-33 

- 80*5 

0-00026 

0-906 

26-31 

238*3 

0*00054 

0-964 

8-84 

85*2 

0-00027 

0-904 

26-98 

243-9 

0-00065 

0-962 

9-35 

89*9 

0-00028 

0-902 

27-65 

249-4 

0-00056 

0-960 

9-91 

95-1 

0-00029 ! 

0*900 

28-33 

255-0 

0-00057 

0-958 

10-47 

100-3 

0-00030 

0-898 

29-01 

260-5 

0-00058 

0-956 

11-03 

105-4 

0*00031 

0-896 

29-69 

266-0 

0*00059 

0-954 

11-60 

110-7 

0*00032 

0-894 

30-37 

271-5 

0-00060 

0-952 

12-17 

115-9 

0*00033 

0-892 

31-05 

277-0 

0-00060 

0*950 

12-74 

121-0 

0-00034 

0*890 

31-75 

282-6 

0-00061 

0-948 

13-31 

126*2 

0-00035 

0*888 

32-50 

288-6 

0-00062 

0*946 

13-88 

131*3 

0-00036 

0-886 

33*25 

294-6 

0-00063 

0*944 

14*46 

136-5 

0*00037 

0-884 

34-10 

301-4 

0*00064 

0-942 

15-04 

141-7 

0*00038 

0-882 

34-95 

308-3 

0-00065 


3. Empyreumatic Ingredients. — Ammonia solutions are seldom 
completely free from compounds of a pyridine nature which impart to 
it an unpleasant odour and which are also regarded as the cause of 
the occasional darkening of the originally clear solution. As soon as 
they show their presence to a large extent, the carbon filter empIo}^2r 
for the removal of those empyreumatic constituents from the gas as 
evolved from the still must be renewed. Frequent testing of the 
solution is desirable from this point of view. 

^ Liinge & Wiernik, Z. angew, Chem.^ 2, l8i. 
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By dipping a piece of filter paper in the ammonia to be examined 
the empyreumatic odour may be perceived after the ammonia has 
volatilised, but in a short time the former also disappears. The odour 
is more readily perceptible if a small sample of the liquid is neutralised 
with sulphuric acid. Pfeififer adds litmus tincture to the sample, 
slightly acidifies it, and thfen throws a little precipitated calcium 
carbonate into the liquid to take up the excess of acid. * 

According to Wittstein,^ tarry matters or organic bases in ammonia 
solution are detected by adding, drop by drop, nitric acid diluted with 
one-quarter of its volume of water ; a rose coloration is produced which, 
however, disappears again if the addition of the acid be continued 
until the liquid is neutral. 

For the quantitative estimation of pyridine, Pennock and Morton ^ 
proceed as follows : — One hundred c.c. of the sample are nearly neutral- 
ised with sulphuric acid (i : 5), and after cooling, made exactly neutral 
with normal sulphuric acid, using one to two drops of methyl orange as 
indicator. The neutralised liquid is distilled into a receiver containing 
30 C.C. of water until 70 c.c. have distilled over ; jthe whole of the 
pyridine is then contained in the distillate, if the amount does not 
exceed 2*5 g. per litre. The distillate, cooled to 10°, is then mixed with 
phenolphthalein, which gives a red coloration with ammonia, but not 
with pyridine. Ammonia is removed as “ white precipitate by adding 
mercuric chloride till the solution is decolorised, followed by an 
additional four drops of the mercuric chloride solution after flecolorisa- 
tion, and the filtered liquid titrated with N/io sulphuric acid and 
methyl orange. One c.c. iVyio acid = 0-0079 g. pyridine. 

C. Liquefied Ammonia 

The liquid ammonia, which is supplied commercially in steel 
cylinders under pressure as liquefied ammonia, and which is chiefly 
used in the manufacture of ice, is by no means a pure chemical product. 
It generally contains small quantities of water and organic substances 
which have been identified by Lange and Hertz® as consisting mainly of 
pyridine, acetonitrile, ethyl alcohol, and a little machine oil. The 
presence of these impurities, which may amount to about 2 per cent, 
is under certain circumstances detrimental to the use of liquid ammonia, 
and it is, therefore, of importance to determine them analytically, or 
at any rate to estimate their tot^ll amount. The ordinary determinations 
the concentration, as made in testing ammonfe. solutions, are, of 
course, not applicable. The usual procedure is to allow a sample of 
the liquefied gas to evaporate spontaneously under specified conditions, 

1 Dmgl, polyUj ,^ 1874, 213, 512, ^ J, Amer. Chem^ Soc,^ 1902, 24, 377. 

- 3 angew, Chem,^ 1897, lO, 224. 
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and to determine the non-gaseous residue either gravimetrically or 
volumetrically. 

(i.) Bunte and Eitner^ have recommended a method of sampling by 
which any impurities due to condensation of the moisture of the air is 
excluded. A pipette, P (Fig. ii8), of abdut 75 c.c. capacity, provided 
with two stopcocks, serves for the re(?eption of the liquefied ammonia, 
the inlet tube of which terminates in a smoothly ground ring. The 
cylinder B, containing the ammonia to be examined, is placed with the 
valve downwards and the side tube connected by a union with a thin 
brass tube, the end of which is formed into a flange ; the ground ring of 
the pipette is held against the flange by means of the clamp Z, a leather 
washer being inserted between the two surfaces. The sample is passed 
over from the cylinder to the pipette with the latter in a horizontal 
position, by first opening the valve and, after driving out the air, closing 
the outer stopcock of the pipette. When about two-thirds of the 



pipette are filled with liquid ammonia, the valve and the second stop- 
cock of the pipette are closed and the pipette then removed ; the 
increase in weight of the pipette is then determined. The pipette 
is next placed in an upright position, connected to a series of three tared 
drying tubes, filled with potassium hydroxide, and the upper stopcock 
opened carefully, so that a slow current of gas passes through the tubes 
by the evaporation of the ammonia, the stream being regulated by a 
mercury seal at the outlet. After the lapse of from four to six hours, 
evaporation ceases, and there remain in the pipette a few drops of a 
brown liquid which consists partly of water saturated with ammonia, 
partly of organic compounds resembling alcohols, and hydrocarbons 
coloured with traces of tarry constituents. The pipette is then warmed 
in an air-bath to 70° to 80°, whilst a current of dry air is passed 
through ; the volatile organic compounds, as well as the water, are thus 
driven over into the potash tubes ; any trace of organic matter 
remaining behind is weighed as such together with the pipette. The 
total quantity of volatile organic matter and water is ascertained from 
the increase in weight of the potash tube. 

^ /. Gasbeleuchty 1897 , 40 , 174 /^ 
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The following results were, for example, obtained by this method : — 
High boiling organic substances =o-o8 per cent; volatile alcohols and 
water = 0*4 1 per cent ; total impurities, therefore, =0*49 per cent 

For the purpose of testing deliveries of liquid ammonia, the following 
simplified method, due to Lange and Hertz,^ is commonly employed. 
To a glass tube 30 to 40 mm. in width, a narrow tube of 
about 5 mm. in width is fused, which is closed at the lower end 
(Fig. 119) ; the total capacity of ^the tube is about 80 to 100 c.c. 

A mark is placed on the tube corresponding to a content of 
49 c.c. = 33 g. of liquid ammonia, and the narrow portion is 
graduated into fifteen divisions, the total volume of the 
fifteen divisions being i c.c. ; each of these divisions corre- 
sponds to 0*2 per cent, by volume, on the assumption that the 
specific gravity of liquid ammonia is o-68 at —38°, and that 
of the residue 0-9 at 15°. To take a sample, the ammonia 
cylinder is placed in a horizontal position, the valve ogened 
slightly, and the liquid allowed to flow into the tube until 
it reaches the 49 c.c. mark. The liquid is then allowed to 
evaporate spontaneously, which requires about three hours, 
a cork and glass tube being placed if desired at the top of the 
tube, and the evolved ammonia led into water. As soon as 
evaporation is complete and the ice layer which forms on the 
outside of the tube has thawed, the volume of residue is read off. 
The method is naturally only an approximate one, and tends to give 
rather too high results, as some ammonia evaporates during the taking 
of the sample, the high boiling impurities tend to accumulate in the 
sample actually measured, and the residue always contains ammonia. 
These errors are partly compensated for, owing to the fact that some 
of the less volatile impurities evaporate with the ammonia, and the 
results are accordingly sufficiently accurate for most purposes. 



X.— AMMONIUM SALTS 

The only ammonium salt usually manufactured in gasworks is the 
sulphate; this salt is employed to much the greatest extent in 
commerce, chiefly for manurial purposes. Other salts are, for the most 
part, manufactured in chemical works from ammoniacal liquor purchased 
from Gas or Coke-oven Undertakings; the most common of these are 
-Mike chloride, nitrate, carbonate, and thiocyanate (sulphocyanide). 

In the manufacture of ammonium sulphate, the volatile ammonia is 
in the first instance distilled off, lime being only added after this has 
been removed, the quantity required being then only a working excess 

i Z* mgew, Chtm.^ 1897, lOj 224. 
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over the amount corresponding to the fixed ammonium salts present. 
The mixture of ammonia, steam, carbon dioxide, sulphuretted hydrogen, 
hydrocyanic acid, and other impurities, is passed through a saturator 
charged with sulphuric acid, whereby the ammonia is retained and 
converted into sulphate, the crystals of wl;^ich separate when sufficient 
concentration is reached and are removed by perforated ladles. The 
remaining gases pass through the saturator, and, after cooling, are 
treated for the removal of the sulphuretted hydrogen and hydrocyanic 
acid, the plan most commonly adopted being to allow them to pass 
through a purifier containing hydrated oxide of iron before escaping 
into the atmosphere. 

The analysis of the waste liquor from the stills is carried out by the 
methods described for the gas liquor, modified, in the case of the 
determination of ammonia, by increasing the volume taken for analysis 
and employing decinormal in place of normal solutions. 

For the analysis of the waste gases, methods are given by Linder,^ 
in which thd^amounts of sulphuretted hydrogen, carbon dioxide, and 
hydrocyanic acid are estimated in a manner analogous to that employed 
for these constituents in ammoniacal liquids. 

The Analysis of Ammonium Salts 

In the case of the commercial sulphate used for manurial purposes, 
the only determination usually made is the percentage of ammonia, on 
which its A^alue depends. Formerly, when sulphate was frequently 
made by the direct neutralisation of gas liquor with sulphuric acid, very 
impure products were sometimes sold containing thiocyanate, but such 
products are now rarely, if ever, met with. With the carbonate also only 
the ammonia is usually determined. In some cases, such as the 
nitrate, when used for the manufacture of explosives, the percentage of 
the acid constituent may be required. 

For the complete analysis and for the determination of general or 
special impurities, 40 g. of the salt are dissolved in water, filtered 
through a dried, tared filter paper, and, after washing the latter with 
water, made up to i litre. The insoluble residue is dried and weighed, 
and the percentage of insoluble matter calculated from the nett weight 
of the precipitate. The solution is then employed for the determination 
of the soluble constituents, each 25 c.c. being equal to i g. of the 
original salt. 

I. Ammonium Sulphate.— The salt s«pplied commercially is nearly 
always moist, usually still somewhat acid, and slightly coloured by*- 
traces of organic bases. 

Moisture. Five grams of the salt are heated in an air-bath for two 
hours at 110°; the loss of weight gives the percentage of moisture. 

^ Report on Alkali^ etc,,, Works, 1906, p. 52. 
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Ammonia. This estimation is carried out by distilling 25 cc. of the 
solution prepared as above (=i g. salt) with sodium hydroxide, and 
collecting the distillate in 25 c.c. of standard sulphuric acid, in the 
manner described under gas liquor. Each cubic centimetre of jY/i acid 
neutralised = 0*0 1 40 1 g. iY or 0*1703 g. NHg. 

The determination of ammonia by the azotometer {cf. Vol. L, p. 125) 
may also be used, but for exaSt results the distillation method is 
preferable. 

Percentage content of Solutions at 15° C.^ 


Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

1 

1-0057 

14 

1*0805 

27 

1*1554 

40 

1*2284 

2 

1*0115 

15 

1-0862 

28 

1*1612 

41 

1*2343 

3 

1-0172 

16 

1-0920 

29 

1-1670 

42 

1*2402 

4 

1*0230 

17 

1-0977 

30 

1-1724 

43 

1*2462 

5 

1-0287 

18 

1*1035 

31 

1-1780 

44 

1*2522 

6 

1*0345 

19 

1*1092 

32 

1*1836 

45 

1*2583 

7 

1*0403 

20 

1*1149 

33 

1*1892 

46 

1*2644 

8 

1*0460 

21 

1*1207 

34 

1*1948 


1*2705 

9 

1*0518 

22 

1*1265 

35 

1*2004 

48 

1*2766 

10 

1*0575 

23 

1*1323 

36 

1*2060 

49 

1*2828 

11 

1*0632 

24 

1*1381 

37 

1*2116 

50 

1*2890* 

12 

1*0690 

25 

1*1439 

38 

1*2172 



13 

1*0747 

26 

1*1496 

39 

1*2228 




Total Sulphuric Acid. Twenty-five cx. of the solution are diluted, 
and precipitated with barium chloride in boiling solution in the usual 
manner. The weight of barium sulphate, multiplied by 0*343, gives the 
weight of SO3 in i g. oUthe salt. 

Free Sulphuric Acid. Twenty-five c.c. of the solution are titrated 
with iY/io sodium hydroxide, using methyl orange as indicator. Each 
cubic centimetre of iV/io acid =0*0049 g. HgSO^. 

Residue on Ignition. Two grams of the salt are carefully volatilised 
in a covered platinum crucible and the residue weighed. 

2 . Ammonium Chloride {Sal Ammoniac). — Percentage Content of 
Solutions at 15°. The following table gives the strengths of solutions 
of different specific gravities, according to Gerlach, and Lunge and 
Kohler .2 


Per cent. 
NH 4 OI. 

Sp. gr. 

Per cent. 
NHxr 

Sp. gr. 

Per cent. 
NH 4 CI. 

Sp. gr. 

Per cent. 
KH 4 CI. 

Sp. gr. 

1 

1*00316 

8 

1*02481 

15 

1*04524 

22 

1-06479 

2 

1*00632 

9 

1-02781 

16 

1*04804 

23 

1-06764 

3 

1*00948 

10 

1-03081 

17 

1*05086 

24 

1-07029 

4 

1*01264 

11 

1-03370 

18 

1*05367 

25 

1-07304 

5 

1*01580 

12 

1-03668 

19 

1*05648 

26 

1-07575 

6 

1*01880 

13 

1-03947 

20 

1*05929 



7 

1*02180 i 

14 

1-04225 

21 

1*06204 




^ Lunge, Coal Tar and Ammonia^ 4th edition, 1909, p. 959. ^ / 5 id.j p. 958, 
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The percentages of ammonia, moisture, free acid, insoluble matter, 
and residue on ignition are estimated in the same manner as with the 
sulphate. 

Chlorine, This is most readily determined by titrating 5 c.c. of the 
solution (40 g. per litre) with neutral fN\io silver nitrate, using 
potassium chromate as indicator. Each cu^bic centimetre oiNjio silver 
nitfkte = 0*003 546 g. Cl. 

Iron, This impurity is sometimes present in commercial sal- 
ammoniac, spoiling its appearance, and being also detrimental to its 
employment in the colour industry. Its amount may be ascertained by 
titration with N\\o bichromate, after reduction of the iron to the ferrous 
state by any of the usual methods. 

3. Ammonium Carbonate. — Commercial ammonium carbonate is a 
mixture of ammonium carbamate, NH2.CO.ONH4, and ammonium bicar- 
bonate, NH4.HCO3; it effloresces in the air, losing ammonia, carbon 
dioxide, and water, and leaving a residue of ammonium bicarbonate. It 
is usually manufactured by heating a mixture of calcium carbonate and 
ammonium sulphate, the mixture of ammonia, carbon dioxide, and 
moisture condensing as a solid crust in cooling chambers. The com- 
mercial product, when fresh, usually contains about 30 per cent, of 
ammonia. 

Percentage Content of Solutions at 1 5°. The following table, due to 
Lunge and Smith,^ gives the specific gravity of solutions of commercial 
carbonate, ^he dry salt having the following composition : — 

Ammonia . . , . • 3i*3 per cent 

Carbon dioxide .... 56*6 „ 

Water . . , . . . i2*i „ 


Degrees 

TwaddeL 

Sp. gr. 
at 15“. 

Per cent, 
of 

Ammonium 

Carbonate. 

Alteration 
of sp. gr. 
for ±1". 

Degrees 

Twaddel. 

Sp. gr. 
at 16“. 

Per cent, 
of 

Ammonium 

Carbonate. 

Alteration 
of sp. gr. 
for ± 1 \ 

1 

1-005 

1-66 

0*0002 

15 

1-075 

22-25 

0-0006 

2 

1-010 

3-18 

0-0002 

16 

1-080 

23*78 

0*0006 

3 

1-015 

4-60 

0-0003 

17 

1-085 

25*31 

0*0007 

4 

1-020 

6-04 

0-0003 

18 

1-090 

26-82 

0*0007 

5 

1-025 

7-49 

0-0003 

19 

1-095 

28-33 

0-0007 

6 

1-030 

8-93 

0-0004 

20 

1-100 

29-93 

0-0007 

7 

1-035 

10-35 

0-0004 

21 

1-105 

31*77 

0-0007 

8 

1-040 

11-86 

0-0004 

22 

1-110 

33-45 

0-0007 

9 

1-045 

13-36 

0-0005 

23 

1-115 

86*08 

0*0007 

10 

1-050 

14-38 

0-0005 

24 

1-120 

' 36-88 

0-0007 

11 

1-055 

16-16 

0-0005 

25 

1-125 

38-71 

0*0007 

12 

1-060 

17-70 

0-0005 

2# 

1-130 

40-34 

0-0007 

13 

1-065 

19-18 

0-0005 

27 

1*135 

42*20 

0-0007 

14 

1-070 

20-70 

0-0005 

28 

1-140 

44-29 

0*0007 1 


Insoluble matter and the residue on ignition may be determined as 
in the case of the sulphate. The ammonia may also be estimated by 

^ J, Soc. Chem, Ind,^ 1883 , 2 , 80 .^ 
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distillation in the usual manner, or the solution may be titrated directly 
with normal acid, using methyl orange as indicator. 

4. Ammonium Nitrate. — In addition to ammonia, the estimation of 
the nitric acid and of the nitrous acid, frequently present in the com- 
mercial salt, may be required. 

Nz^ric aczd is estimated as described in Vol. I., pp. 31 1 et seq,^ the 
methods most frequently employed being those of Ulsch, Schlosmg- 
Grandeau, and Lunge. , 

Nitrous acid is estimated qualitatively in the manner described in 
Vol. L, p. 759 ; when present in only small amount, colorimetric methods 
are used (Vol. L, p. 761). If the quantity is too large for colorimetric 
estimation, which is seldom the case, the nitrous acid is determined by 
titration with potassium permanganate. 

5. Ammonium Thiocyanate {Sulphocyanid ^. — This salt is now rarely 
recovered from spent oxide, but is obtained directly from the crude 
coal gas by treatment with ammonium polysulphide solutiga {cf. p. 675), 
or synthetically by the combination of carbon bisulphide with am- 
monium sulphide, and conversion of the thiocarbonate formed into 
thiocyanate. • 

The amount of ammonia in the salt is estimated by distillation with 
sodium hydroxide, and the thiocyanic acid by titrating the solution, 
acidified with nitric acid, with Njio silver nitrate, using ferric alum as 
indicator, with previous precipitation as cuprous thiocyanate if chloride, 
thiosulphite, etc., are present. 
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By Dr H. Kohler, Berlin. English translation revised by Prof. A. G. Green, 
M.Sc., Professor of Technical Chemistry, The University, Leeds. 


A. Raw Materials 

The available sources of coal tar are : — 

1. The Coal Gas Industry^ which still supplies, under the name of 
‘‘gas tar,” th^ greater portion of the coal tar which is used in England. 

2. The Coke Industryy which also produces very considerable 
quantities of tar, known as “coke oven tan” This source of supply 
has become important since the introduction of closed coke ovens, and 
it may be expected that in course of time it may exceed that from 
the coal gas industry. 

3. The Pig Iron Industry^ in which the recovery of the volatile 
products of the blast furnace has been successfully carried out, especially 
in Scotian'S, with the result that quite considerable quantities of a 
peculiar tar, known as “blast furnace tar,” are now placed on the 
market. 

4. The Generator and Water Gas Industries^ which are of special 
importance in England and America. The liquid by-product which is 
obtained comes into the market as “ Producer tar” or “ Water gas tar.” 

5. The Oil Gas Industry^ in which tar is produced as the result of 
the pyrogenetic decomposition of oils and petroleum residues. 

I.--PROPERTIES AND COMPOSITION OF COAL TAR 

Coal tar is of a dark colour, usually black, its consistency oily or 
viscous, and its odour characteristic, and similar to that of creosote ; 
this last varies, however, according to its origin. Its physical properties 
and chemical composition are largely dependent on the nature of the 
original coal, and still more on the metho<fi of production. The viscosity 
of coal tar results from the presence of solid hydrocarbons (naphthalene^ 
phenanthrene, etc.), and so-called “free carbon” (soot); the latter is 
also the cause of its dark colour. 

The specific gravity of coal tar from various sources lies within 
rather wide limits, as is shown in the following table : — 
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Source of the Coal Tar. 

Specific Gravity. 

From 

To 

Average. 

Gas tar (horizontal and inclined retorts)^ . 

1-115 

1-220 

1*155 

Gas tar (Bueb’s vertical retorts) ^ . 

1-110 

... 

1*110 

Coke oven tar : — • 




(a) From Simon-Carv^s oven^ . » 

1-106 

1-150 

1*110 

(/ 5 ) From Car v^s-Hussener oven 

1-139 

... 

• 

(0 From Hoffmann-Otto oven® . 

1-1198 



Id) From Semet-Solvay oven® . • • 

1-170 


• 

le) From Jameson oven .... 

0-960 

0 -' 9 k 

0-977 

Blast furnace tar® 

0*954 


• • • 

Producer tar ® . 

1-080 



Water gas tar . . . . 

1*100 



Oil gas tar 

0-950 

1-obo 

0-975 


The specific gravity of coal tar depends on the nature of its constituents, 
and, in the case of gas tar, mainly on the proportion of free carbom^^ 

Coal tars with a specific gravity of less than i*o usually consist 
mainly of hydrocarbons of the aliphatic series, whereas th<i«e of higher 
specific gravity consist essentially of aromatic hydrocarbons. These 
differences are a function of the temperature at whicJh the carbonisation 
of the coal is effected.^® 

Tars lighter than water are only obtained in exceptional cases, for 
instance, from the Jameson coke ovens and from blast furnace gases, 
and are worked up in a special manner. Only the heavier tars come 
under the category of what is usually termed “ coal tar.” 

The following elernentary analyses of coal tar are given by E. 
Mills 



London Gas 
Tar. 

Tar from 
Scotch Cannel. 

Carbon ...... 

Per cent. 

77-53 

Per cent. 
85*33 

Hydrogen 

6-33 

7*33 

Nitrogen 

1 1-03 

0*85 

Sulphur ...... 

1 0-61 

0*43 

Oxygen 

14-50 

6*06 


100-00 

100-00 


Coal tar differs from wood tar in consisting mainly of aromatic 
hydrocarbons, whilst the latter contains chiefly phenolic deriva- 


H. Kohler, Dingl. polyLj.^ 1888, 270, 233. 
'J. Gasheleuchi,^ 1906, 49, 955. ^ 

' Watson Smith, J. Soc. Ckem. Ina., 1884, 

605. 

■ A. Hiissener, u, Eisen,^ 1883, 4, 397. 

‘ Lunge and Schmid, Ind,^ 1887, lO, 

337- 

' H. O. Hoffmann, Eng, and Min, J,, 1898, 
p. 428. 


■'Watson Smith, y. Soc, Chem, Ind.^ 1883, 
2, 403. ^ Ihid, ® Ibid, 

Amer, Chem,J,^ 1884, 6, 77* 

Scheithauer, Braunkohknteerproducie u. 
Olgas, p. 147. 

K 5 hler, Dingl, polyt, J,, 1888, 270, 233. 

Cf. Lunge, Coal Tar and Ammonia, 4th 
ed,, 1909, pp. i^etseq. 

Soc, Chem, Ind,, 1885, 4, 326. 
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tives. Tar from peat, lignite, and bituminous shales Is princif>ally 
composed of hydrocarbons of the aliphatic series. Numerous substances 
have been discovered in coal tar, but much still remains unknown 
with respect to the composition of pitch, anthracene oil, etc. 
Coal tar also invariably contains a considerable quantity of ammonia 
water mechanically mixed with it, and, /therefore, also contains the 
constituents of the latter, and in addition those of illuminating gas, 
which are physically absorbed. 

IL~CHARACTERIsflCS OF TARS 

(a) Gas Tar. 

The great changes due to the introduction of vertical retorts and of 
chamber retorts in the manufacture of illuminating gas will have a 
considerable influence on the quality of the tar, which must be taken 
into account in judging its value. 

B. Nickels^ gives the following figures for the average composition 
of London »d English country tars : — 


€■ 

London. 

Country. 

Ammoniacal Water 

Light Oil 

Carbolic and Cresote Oils 

Anthracene Oil 

Pitch ....... 

Per cent. 
4-5 

2*4 

20*3 

15*0 

58*0 

» 

Per cent. 
4-0 

3*0 

22*0 

4-0 

67-0 


Watson Smith ^ has published a series of analytical data showing 
the variation in the composition of the tar derived from different 
qualities of coal when carbonised under constant conditions. Analyses 
of tars from American gasworks have been published by A. H. White 
and H. W. Hess.^ The following data in regard to German tars 
obtained by distillation of coal in either horizontal or inclined retorts 
are due to Kraemer : ^ — 


Benzene and homologues 

Per cent. 

. 2-50 

Phenol and homologues 

. 2*00 

Pyridine and Quinoline bases 

. 0‘25 

Naphthalene (and Acenaphthene) 

. 6*00 

Heavy Oil, Cn Hn 

. 20*00 

Anthracene and Phenanthrene . 

. 2*00 

Asphalt (Soluble Constituents of the Pitch) 

. 38*00 

Carbon (Insoluble Constituents of the Pitch) . 

. 24*00 

Water . . . . • . 

. 4*00 

Gases (loss on^distillation) 

• 1*25 

100*00 


^ Allen, Commercial Organic Analysis^ 3rd ed., vol. if., part ii., p. 54. 

Soc, Chem. Ind,^ 1889, 8, 950. ® 1900, 19, 509. 

4 J, Gasheleuchtj 1891, 34, 225 ; Wapter^s Jahresher^^ 1891, p. 47, 
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The average composition of the tar from four German gasworks, 
according to Kraemer and Spilker, are given in column l. of the follow- 
ing table ; column II. gives the average composition of the tar from the 
Vienna gasworks, according to Rispler, during the years 1894 to 
1897;— 1. II. 

• Sp. Gr. Per cent. Per cent. 

Water . . • . . — 377 477 

Light Oil . . . • 0*910 to 0*950 2*92 4*o6 

Middle Oil .... i-oio 11*27 

Heavy Oil .... 1*040 9*00 6*n 

Anthracene Oil . . i*ioo 15*60 13*71 

Pitch ..... — 55*40 60*49 

Loss ..... — 2*04 0*98 


Gas tars obtained by the older methods of working are distinguished 
by a high content of free, carbon, which seldom amounts to less than 16 
per cent., and often rises to 30 and even 35 per cent.^ This consider- 
ably alters the consistency of the tars, and together with^eir usually 
higher percentage of naphthalene, distinguishes them from coke oven 
tars and from the gas tars obtained from vertical ^retorts. The latter 
have, accordirfg to W. Bueb,^ the characteristics of a thin brown oil of 
sp. gr. 1*1000, and contain only from 2 to 4 per cent, of free carbon. 
Compared with ordinary gas tars, the percentage of naphthalene is 
about 50 per cent, less, while the percentage of pitch is much lower, 
and that of light hydrocarbons much higher. J. Bueb^ gives the 
following data as the result of an experimental distillation 8f gas tar, 
from the same English coal, in Dessau vertical retorts and in horizontal 

retorts : vertical Betort. Horizontal Betort. 


Ammonia Water 




Per cent. 

2*17 

Per cent. 

3-50 

Light Oil . 




5-8 s 

3*10 

Middle Oil . 




12-32 

7*68 

Heavy Oil . 




II-9S 

10*15 

Anthracene Oil 




15-96 

11*54 

Pitch 




49-75 

62*00 


The following comparison between tars from vertical and inclined 


is due to Schafer : ^ — 


Vertical Betort. 

Inclined Betort. 



Per cent. 

Per cent. 

Water .... 


570 

10*35 

Light Oil up to 100° . 


. 8*90 

1*00 

Light Oil 100° to 170° 


. 1*20 

1*60 

Middle Oil 170'" to 230° 


13*50 

7.50 

Heavy Oil 230® to 270° 


7*30 

10*70 

Anthracene Oil above 270® ^ 


29*30 

18*80 

Pitch . . . : 


34*10 

58-13 



100*00 

100*00 


^ Cf, Spilker, Koherdund Teerprodukte^ p, 38. Gashehuchi,^ 1905, 48, 835 ; 1906, 49, 955. 

^ cy. Bertelsmann, Entwicklung der Leuchtgaserzeugung seit 1890, p. 39. 

^ Einrichfung und Beirieh eines Gaswerkes^ I9l0j p* 194 
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Compared with tar from ordinary retorts, dehydrated tar from 
T. Glover’s chamber retorts ^ showed the following composition : — 


Free Carbon . 

Light Oil up to 170° . 

Middle Oil to 270° 

Heavy Oil to 350° 

Pitch (soft) 

Naphthalene . 

Gas tars from chamber retorts 
composition to coke oven tars. 


Chamber Eetort. Ordinary Eetorfe. 

Per cent. Per cent. 

. . ii-io 23*20 

. -s . 0-40 1*40 

r . 10-20 10-50 

. . 30-10 16-14 

. ^ . 53*90 71*80 

. ' . 4-70 23-20 

accordingly approximate in their 


(5) Coke Oven Tar. 

Coke oven tar is usually more mobile than ordinary tar, since the 
content of frse carbon does not exceed 10 to 12 per cent, and often 
amounts to only 2 to 6 per cent It contains much less light and 
middle oils than gas tar, but more anthracene oil, and yields about the 
same quantity of pitch. Spilker gives the following data as represent- 
ing the average composition of coke oven tar from Otto furnaces : — 


Specific Gravity 
\yater 
Light Oil 
Middle Oil 
Heavy Oil 
Anthracene Oil 
Pitch 
Loss 


Per cent. 
I-I45 to 1-191 

2 - 69 
1*38 

3- 46 

9-93 

2476 

56-44 

1-34 


100-00 


While the tars produced in the various coke ovens in use on the 
Continent are in general similar in composition to the above, the tar 
resulting from the Jameson coke oven, which is worked in a few places 
in England, differs very materially. It contains no benzene, very little 
toluene, and rather more xylene. The greatest part of the distillate 
consists of oils belonging to the aliphatic series boiling between 250° 
and 350° ; a small quantity of solid paraiin separates from the highest 
boiling fractions whioh correspond to the anthracene oils. Naphthalene*^ 
and anthracene are not present, but there is a large proportion of 
acidic oils which contain no phenol and resemble wood tar creosote.^ 

^ H. O’Connor, ^oc, Chem, Ind,^ 1910, 29, 471. 

2 Cf^ Watson Smith, 1883, 2, 495. 
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(c) Blast Furnace Tan 

This tar is only produced where the blast furnaces work with a 
suitable coal (principally in Scotland) and not with coke, as in Germany. 
It is quite different from the^Dther coal tars, and contains considerably 
more acidic oils (including phenol and cresol, but chiefly, however, 
higher homologues), and a smaller proportion of aromatic hydro- 
carbons, but much paraffin. It contains a very high percentage of ash 
(flue ash), which reduces the valffe of the pitch. According to Watson 
Smith, ^ Scotch blast furnace tar has the following composition : — 



Per cent, 
by Volume. 

Per cent, 
by Weight. 

Sp. Gr. 

Water 

30*60 

32*3 

1-007 

Oil up to 230° 

2*91 

2*8 

0*899 

Oil 230° to 300° 1 

6*97 

7*1 

0-971 

Oil from 300° until the distillate solidified . 

13*02 

13*5 

^-994 

Soft Paraffin ...... 

16*75 

17*3 

' 0-987 

Coke 


21*5 


Loss 



... 

5*5 



The water is strongly ammoniacal ; the basic constituents of the tar 
oils (about ii per cent of the middle and heavy oils) correspond to 
those of ordinary coal tar. 

The tar from gas producers closely resembles blast furnace tar.^ 


(d) Water Gas Tar. 


Water gas tar is invariably of an oily consistence, and usually of a 
brown colour, and is characterised by containing generally a very high 
percentage (up to 30 per cent) of neutral water. This water is 
emulsified and very difficult to separate by ordinary means. It 
contains only traces of free carbon and of phenols. The higher boiling 
oils have a sp. gr. of over r*oo, and contain small quantities of 
naphthalene and anthracene. 

Properly dehydrated water gas tar gives the following result when 
worked up on a large scale : — 


Light and Middle Oil up to 230° 
Heavy Oil to 300° 

Anthracene Oil above 300“ 

Pitch .... 
Water and Loss . 


. . About 20 per cent. 

* • }} « 

• * ^5 jj 

• • » 3 ^ 

• • ® » 5 5> 


Mathews and Goulden^ determined the composition of a tar 


^ /, Soc, Ckem, Ind.^ 1883, 2, 495. 

^ Cf, Lunge, Coal Tar and Ammonia^ vol. i., p. 128. 

® Wagner^ s Jahresben^ 1892, p. 77. 
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obtained from water gas 

carburetted with 

crude Russian petroleum 

with the following result 

— 






Per cent. 

Benzene 



I-I 9 

Toluene 



3-83 

Light Paraffins . 


• # 

8-si 

Solvent Naphtha 


• 

17-96 

Phenols . 



. . traces 

Middle Oil 



29*44 

^ Heavy Oil 


• • • 

. . 24*26 

Naphthalene , 


• • 

. . 1*28 

Crude Anthracene 


• • 

0*93 

Coke 


• • 

. . 9*8o 




97*20 


Such tar is unsuitable for working up into crude products for the 
aniline colour industry on account of the high percentage of paraffins. 

(e) Oil Gas Tar. 

As regards jttoperties and composition, oil gas tar exhibits the 
greatest similarity to coal tar ; it is distinguished, however, by a lower 
specific gravity, as well as by the almost entire absence of phenolic and 
basic substances, and of thiophene and homologues. It possesses the 
same deep black colour as coal tar, and has a similar odour, but is 
considerably less viscous owing to the low percentage of asphalt 
constituents. The content of free carbon varies within the limits of 
that in coal tar, but should not exceed from 20 to 22 per cent 

The following analysis of an oil gas tar, as prepared in the brown 
coal industry in Saxony and Thuringia, is given by Scheithauer : ^ — 


First Runnings from 70® to no® and 150® . 

Per cent. 

5 to 10 

Light Oil from 150® to 200® 

. 

5 to 10 

Middle Oil from 200® to 250® 

• • 


20 

Heavy Oil from 250® to 300° 

. . . 


20 

Anthracene Oil over 300® . 



30 

Pitch and Loss 

. 


10 

Wiirth^ found the following constituents in an oil 

gas 

tar of the 

same origin : — 

Per cent. 

Benzene . . . i-oo 

Naphthalene 


Per cent. 
4*90 

Toluene . , . 2*00 

Crude Anthracene 

, 

0*58 

Xylene . . . 1*30 

Phenols . 

, 

0*30 

Resinifiable Oils below 150® i*oo 

Bases 

, 

traces^ 

Oils from 150® to 200° . 1*50 

Asphalt . 

. 

22*00 

Oils from 200® to 300® . 26*60 

Free Carbon 

. 

20*50 

Oils from 300° to 360® , 12*60 

Water (neutral) . 


4*00 

^ Fabrikation der Miner aid p. 316. 

2 Dissertation^ Munich, 

1904. 
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]\fost of the characteristic constituents of coal tar, with the 
exception of carbon bisulphide and acridine, could be detected in 
this oil gas tar. 

Letny ^ analysed an oil gas tar, prepared by passing heavy petroleum 
tailings ” through red-hot tubes with the object of converting them 
into aromatic hydrocarbons, with the following result : — 

Per cent. 

2*3 

. . 4-6') Benzene, 

. . 5 2 >- Toluene, 

. . i*8j Xylene, etc, 

26-9/ Naphthalene 

<2 and unaltered 
I Petroleum. 

/ Anthracene. 

• * 7 ' 5 ^ Phenanthrene. 

. . 20-6 
2*5 

The specific gravity of this tar, 1-207, was remarkably higJ»t 

C) 

III.— THE EXAMINATION OF COAL TAR * ® 

The value of coal tar as a raw material of chemical industry 
depends upon the quantity of aromatic hydrocarbons and 
phenols it contains, as well as upon the absence of members 
of the fatty series, olefines and paraffins. The analysis of crude 
tar includes the estimation of the specific gravity, of the urv 
combined carbon, and ^so a distillation test, which at the 
same time shows the quantity of ammonia water present. 

(a) Sampling.^ 

This is effected by means of a syphon tube provided with 
a plug (Fig. 120). Samples should be taken from different 
parts of the vessel containing the tar, and should be well 
mixed before taking the final sample for examination. 

(b) Estimation of the Specific Gravity. 

Before estimating the specific gravity, a preliminary de- 
hydration is necessary. This is carried out by putting the 
tar into a large covered beaker and keeping it in warm 
water, at a temperature not exceeding 50°, for twenty-four 
hours. The water separates and rises to the surface, and can 
be^either decanted off or removed by means of filter paper. 

Kohler uses a tall bottle of thin glass having a narrow neck provided 
with a doubly perforated cork stopper (Fig. 121); a syphon fitted 

1 Ding/. polytj,, 1878, 229, 253. 

2 < 5 ^ E. Senger,yi Gasbeleucht,^ 1902, 45, 841, 



Light Oil up to 90° . 

Light Oil from 90° to 140° . 
Middle Oil from 140° to 200° 

Heavy Oil from 200® to 270° 
Anthracene Oil from 270° to 340'' 

Anthracene Oil above 340® . 

Pitch .... 

Loss .... 
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with a glass stopcock is fitted through one hole in the cork, and an 
air-tube, closed by a valve of rubber tubing, through the other. The 
bottle is frequently shaken by gently tapping it in order to accelerate 
the rise of the water to the surface. As soon as the water globules have 
disappeared from the sides of the lower part of the flask, the tar can be 
syphoned out, the first portion being rOjected, as it always contains 
some water. The tar thus freed from water is allowed to cool to 15°. 



For the estimation of the specific gravity of the dehydrated tar, an 
ordinary^pyknometer cannot be used on account of the viscosity of the 
tar at 15°. For this reason, Watson Smith ^ determines the weight of 
I litre, but this estimation is only of value when a good balance is used. 
Kohler uses a narrow-necked 100 c.c. flask, which is filled exactly to the 
mark from a dropping funnel. This enables the weighing to be made 
with great accuracy, but the filling of the flask by this method is slow, 
and in the case of very viscous tars is impossible. The use of a 
hydrometer for estimating the specific gravity of coal tars is not found 
to give results which can be depended upon, at all events not at a 
temperature of 15°. The apparatus devised by Lunge ^ (Fig- 122) gives 
absolutely exact results, and can easily be made from an ordinary 
weighing bottle. The glass stopper of the bottle A has a vertical 
groove, a, filed in it, which is about 2 mm. wide by 2 mm. deep. In 
estimating the specific gravity of tar by means of this apparatus, the 
same method is employed as in estimating that of solid substances. 
The tare [a) of the weighing bottle is §rst obtained, and then its weight 
{p) after it has been filled with water at 15°. It is then emptied ^d 
dried, and filled with tar to about two-thirds of its depth, after which 
it is placed, without its stopper, in hot water for one hour, until all the 
air-bubbles have been driven off. It is then allowed to cool, the total 

^ J. Soc, Chem, Ind.^ 1883, 2, 496. ® Z, angew. Ckem,^ 1894, 7 ) 449 - 
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weight (<:) of the flask plus tar taken, then filled up with water, the 
stopper replaced, and the last drops of water issuing through the groove 
removed. After allowing it 'to stand in water, the temperature of 
which is known, it is again weighed (d). The specific gravity of the 

tar is then : — . , 

» c-a 
3 + (7 ~ 

(c) Estimation of Free Carbon. 

Kraemer’s method ^ of estimating the quantity of free carbon in tar, 
is to warm a weighed quantity of the tar with forty times the amount 
of xylene in a water-bath until a homogeneous liquid is obtained. 
This is then filtered through a weighed filter paper, and the brownish 
black powder washed with xylene until the washings are colourless. 
This residue is then dried and weighed. According to Kohler, this 
dilute tar solution does not filter well, and a certain quantity of the 
finely divided carbon passes through the filter. The wash^ product 
also often contains traces of hydrocarbons of high molecular weight, 
which, as is wel| known, are very insoluble. He, therefore, recommends 
the following method : ^ — Ten grams of tar, together with a mixture 
of 25 g, of glacial acetic acid and 25 g. of toluene, are boiled in a conical 
flask under a reflux condenser, and the liquid passed through two filter 
papers folded together, which have previously been tared against each 
other. The residue is washed with hot toluene until the wasjiings are 
colourless. In this way Ijie carbon is obtained free from tarry impurities, 
and the amount of free carbon in the sample is found from the difference 
in weight of the two filters, after drying at 120° to constant weight. 

Kraemer and Spilker ^ consider the following to be the most con- 
venient method : — One part of the tar is warmed with three parts of 
aniline and the thin liquid poured on to an unglazed porous tile, which 
absorbs the soluble portions of the tar together with the aniline, and 
leaves the insoluble free carbon as a flaky mass. This is transferred 
without loss to a weighed watch-glass, with a wooden spatula, and 
weighed, after drying in a steam oven for several hours. 

Important data with regard to the subsequent working up of the 
tar may be drawn from the amount of free carbon present. The yield 
of pitch can be calculated fairly accurately, assuming that the percentage 
of free carbon in pitch of the required hardness is known. If K is the 
percentage of carbon in the pitc^ and k the percentage in the tar, then, 

K : 100 = ^ 

Good pitch of medium hardness, as now produced by most tar 
distillers, contains an average of 28 per cent of free carbon. Thus, in 

1 /, GashekuchU^ 1887, 30, 849. 2 DinghpoIyt.J,^ 1888, 270, 233. 

^ Muspratt, HaMuch der technischen Chemie^ 4th ed., 8, p. 3. 
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the case of a normal coal tar containing about i6 per cent, of free 
carbon, the quantity of pitch, x, is : — 

^ = = per cent. 

Further, the behaviour of the tar ojj distillation can be foreseen 
wJ^th some certainty from the con1:ent of free carbon. Hodurek^ 
estimates the free carbon as follows, and states that as ordinarily 
obtained it contains a large amount '■of bitumen : — One gram of pitch 
is treated with 200 c.c, of benzene, and the insoluble residue estimated 
after drying at 100°. In a second operation, 50 g. of pitch are dissolved 
in 1 50 g. of anthracene oil, filtered, 4 g. of the filtrate mixed with 200 
c.c. of benzene, and the weight of the precipitate (“bitumen”) so 
obtained estimated after drying at 100°. By subtracting this quantity 
of “ bitumen ” from the residue obtained in the first operation, the 
quantity of free carbon is obtained. This method is somewhat complex 
and lenguiy, and does not give more reliable results than that of 
Kraemer and Spilker. 

According to'^E. F. Hooper,^ the free carbon content is directly 
proportional to the specific gravity, and may be calculated from the 
formula : — 

%C = 0-64 X T ~ lo.o (T = specific gravity of tar in degrees Twaddell). 

(d) Estimation of Water. 

The crude tars are usually delivered to th'O tar distilleries in tank- 
wagons, more rarely in drums or in tank-barges. As a rule, part of the 
water, which is suspended in the tar in fine drops, separates on the 
surface during transit; in the case of light oil tars, it sinks to the 
bottom. The height of the water layer can be estimated by means of 
a glass syphon, and its quantity calculated. A water content of 4 or 
at most 5 per cent, is admitted in the case of gas and coke oven tars. 

Two forms of apparatus are in use for the estimation of the 
percentage of water in the crude tar. 

That of J. Becker, 8 which is used chiefly in gasworks, depends on 
the principle of vacuum distillation ; it gives accurate results, and the 
estimation can be carried out in a short time. 

The apparatus (Fig. 123) consists of a round-bottomed flask, a, of 
4 to 5 litres capacity, fitted with a distillation-head, d, a Liebig’s 
condenser, c (i metre long), a wornf-condenser, leading into the 
receiver e, a powerful water jet air-pump, p, attached to a manomeler, 

and the mercury vessel q, and a Woulffs bottle, n, with three 
tubulures, placed between the manometer and the pump. 

^ bsU Ckem» 1904, p. 368, ^ Soc* Chem, Ind.y 1910, 29, 1437. 

^ J, Gashelmcht^ 1 902, 45, 764^, 
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The apparatus shown on the left of the line / z is mounted at an 
angle of 90° to the apparatus shown on the right of the line, so that 
the manometer m is on the wall, the basin 0 in the middle of the 


bench, and the condenser, 
cooling worm, and receiver 
e, at the edge of the bench. 

The estimation is car- 
ried out as follows : — About 
I kilo of the tar is poured 
into the flask, which is 
placed in a high sand-bath 
(lined with fine brick earth 
0*5 cm. deep) and con- 
nected with the condenser 
as shown. The flask is 
heated until the tar begins 
to boil (the tap A being- 
open and the clip i closed), 
which is irydicated by 
numerous rapidly rising 
bubbles and by the con- 
densation in the bulb b. 
The tap k is then closed 
and the water pump turned 
on ; it is preferable to oon- 
duct the distillation in a 
vacuum of 400 mm., and 
towards the end of the 
distillation at 700 mm. — 

when the mercury 
column of the manometer 
has risen to 40 or 70 cm. 
respectively. 

The tar soon begins to 
froth up and rises into the 
neck of the flask; it is 
driven back by admitting 
air into the flask by a 
momentary pressure of the 



(Sip This operation is repeated until nearly all the water has 
been expelled, which is recognised by the cessation of the crack- 


ling noise in the flask. The distillation is continued until, at the 
highest vacuum, only oils condense on the sides of the flask and wash 
it clear from the tar froth. As soon as this point is reached, the flame 
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IS turned out, the clip i opened, and, after a few minutes, the pump 
stopped. The distillate in the receiver e separates into two layers, the 
oil above and the water below ; the latter is drawn off through the tap 
V into a tared beaker and weighed. 

If any tar should get into the condenser, air is subsequently 
admitted through v ox k and not through- and the tar and oils thus 
driven back into the flask. Becker stktes that ten determinations can 
be carried out by this method in one day. 

The second form of apparatus is ^considerably simpler than the 
foregoing, and requires less attention ; it is the method usually adopted 
in the tar distilleries, and is based on the large scale method of 
distillation. No frothing over of the tar need be feared, and the 
estimation is easily finished in three-quarters of an hour. E. Senger ^ 
describes the method as follows : — 

A sample of 0-5 kilo, previously well mixed in a large mortar, is 
distilled from a copper still (Fig. 124) of about i litre capacity, 12 cm, 
in height, '^nd 13 cm. diameter; for purposes of cleaning, the lid is 



detachable, and is fastened with four or six clamps. A cardboard or 
asbestos ring, preferably coated with a cement of linseed oil and 
powdered chalk, is placed as a packing between the still and its lid. 
The still is suspended in a sheet-iron furnace, the upper part of which 
is jacketed, while below it is provided with a small door and with air 
openings. 

The water is first of all completely c^iven off by heating with gas, 
which is delivered through a gas pipe perforated on the inside arfS 
placed round the upper part of the still; heating from below is 
unnecessary during this operation, but if middle oil, heavy oil, etc., are 
to bo estimated, a Bunsen burner is placed in position through the 

^ J, Gashdeucht,^ 1902 , 45 , 841 . 
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small door, and the still subsequently heated only from below. In the 
estimation of water, the distillation is continued until the oil passing 
over is free from drops of water, which occurs at about 200°. A 
measuring cylinder serves as a receiver, and the volume of water 
collected is read off. Shoijld the graduations be obscured by the 
separation of crystals, the water is filtered into a second cylinder 
through a small, moistened filter* paper. - 

Kraemer and Spilker ^ employ a metal still holding about 2 litres, 
and distil as long as an aqueohs distillate passes over. Tars which 
froth much (containing much carbon) are mixed with half their weight 
of water-free, heavy tar oil, whereby frothing over is avoided with 
certainty. Maiwald^ recommends the addition of 40 to 50 per cent, 
benzol to avoid frothing over. 

H. Beck^ has recently described a method in which the crude tar 
(200 g.) is allowed to drop into water-free tar or tar oil (500 g.) heated 
to 250° to 270°, which is contained in an iron retort of 2 Ht^ capacity 
provided with a dropping funnel and a Liebig’s condenser. If the 
addition is properly carried out, no frothing occurs, ajid each drop gives 
up its water with almost explosive violence ; a measuring cylinder is 
employed as the receiver. It is stated that the estimation can be 
carried out in thirty-five minutes, even when the tars contain 50 per 
cent of water. 

The percentage of water in tar generally increases with the content 
of free carbon. 

(e) Distillation Test 

A distillation test performed in a glass retort, such as that described 
by Lunge and R. Schmid,^ cannot be relied on, on account of the 
difficulty of exactly reproducing the manufacturing conditions, and 
is consequently never employed. 

In tar distilleries an apparatus similar to that of Senger for the 
estimation of the water in tar is employed (p. 762). 

According to Kraemer and Spilker, it is sufficient, as a rule, to 
estimate the quantity of water; this analysis at the same time gives 
the content of light benzol. If a complete distillation test be required, 
this is carried out with 5 kilos of tar in a cast-iron retort having a 
capacity of 8 litres, if possible under reduced pressure, and the 
successive fractions are collected, similarly to the procedure on a large 
scale. 

^ If the distillation is carried out at the ordinary pressure, the distillate 
is collected in the following fractions : — 

I. Light oil up to 170°. 

^ Ckem, Ind,j 1887, 10, 337- ® Chem, Zeit^ 1909, 33, 591. 

2 Ckem, Zeitschr.j IL, p. 533. ^ Chem Ind.^ 1887, 10, 337. 
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2. Middle oil up to 200°. 

3. Creosote oil up to 27o^ 

4. Anthracene oil up to the end of the distillation, which should be 
continued until the desired melting point (about Sd" to 65°) of the 
residual pitch is reached 

The further examination of the Light Oil will be dealt with later. 

^The Middle Oil is allowed to stand for several days, in order to 
separate the naphthalene, and, if necessary, artificially cooled. 

The Creosote Oil is treated in the same way; the naphthalene 
obtained from both these fractions by filtering and pressing is united 
and considered as crude naphthalene.” 

The Anthracene Oil is left for three to four days after cooling, as 
the anthracene only crystallises out slowly. The crude anthracene is 
filtered off on linen, pressed when cold, and sometimes warmed on 
porous tiles to 30° to 40° and again pressed before weighing. The 
contained^nthracene is then estimated as described below (p. 804). 

This first distillation of coal tar gives the following data as to its 
value : — 

1. Content of Light oil. ^ 

2. Content of Middle oil. 

3. Content of Creosote oil. 

4. Content of Raw naphthalene. 

5. Content of Anthracene (green) oil. 

6. CoiTtent of Raw anthracene. 

7. Content of Pitch. 

The quantities of the two first fractions are too small to render a 
detailed analysis of them possible. Their examination must be confined 
to a distillation test and to the estimation of the phenols and of the non- 
nitratable hydrocarbons ; for the rest, comparative tests must be made 
during the practical working. 

B. Intermediate Products 

The working up of coal tar consists in an initial distillation, over an 
open fire, in wrought-iron stills which have a capacity of up to 50 
tons, whereby the above four fractions are separated, the successive 
separations being controlled either by the temperature of distillation 
or by the specific gravity of the distillate; a partial vacuum may be 
used to aid the distillation, and, in some^cases, a continuous distillation 
process is employed.' ^ 

The four fractions thus obtained are subjected to further distilla- 
tions, partly over open fires and partly by steam, in stills, either with or 
without dephlegmating columns, the phenols removed by treatment 
with alkali, the bases by treatment with dilute acid, the solid con- 
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stituents (naphthalene and anthracene) separated by filtration and 
pressing, and the hydrocarbons finally purified by treatment with 
concentrated sulphuric acid. 

A full description of the methods employed is given in Prof. 
Lunge’s work on “ Coal Tar and Ammonia.” 

The properties, compositfbn, qiethods of examination, and products 
obtained from each of these four fractions are described in the sequel, 
together with the most important methods of control in working. 

I.—LIGHT OIL (FIRST RUNNINGS, CRUDE NAPHTHA) 

Properties. — A yellow to dark brown mobile liquid of sp. gr. 0-9 lo 
to 0-950 with a penetrating smell reminiscent simultaneously of 
ammonium sulphide, carbolic acid, and naphthalene. A green fluor- 
escence of some specimens is due to tar mechanically carried over. 
It begins to boil at 80° to 90"" ; 30 to 50 per cent, distils over up to 
120'’ (the limit for benzol for aniline), 50 to 80 per cent.'^ to 160° 
(the limit for the xylenes), and go per cent, between 170° and 220°. 
According to^Spilker, the light oil from coke oven tar often contains 
much higher boiling fractions, and for such light oils the above 
percentages approach the upper limits ; were this found to be the case 
in gas tar, it would indicate a badly conducted distillation or an 
abnormally high percentage of water in the tar from which the light 
oils were obtained. ^ 

Rispler ^ has publighed the following distillation analyses or yields, 


which indicate the difference between the light 

oil from gas and coke 

oven tar respectively : — 



Distillate. 

Light Oil from 
Gas Tar. 

Light Oil from 

Cohe Oven Tar. 

Up to 100° 

. 10 per cent. 

6 per cent. 

Up to 135° 

47 » 

29 » 

Up to 165° 

69 „ 

42 „ 

Up to 195“ 

. 8s .. 

5 ^ >5 


Light 0x1 from 
Vieima Gas Tar. 

Light Oil from 

Ehenlsh Westphalian 

Coke Oven Tar. 

Up to 135° (Crude Benzol I.) 

, 36-12 per cent. 

12-66 per cent 

Up to 165® (Crude Benzol II.) 

. 15-69 „ 

16-42 „ 

Up to 200® (Carbolic Oil) 

. 1 8-0 1 „ 

1 8-47 „ 

Residue (Heavy Oil) 

. 26-51 ,, 

46-36 „ 

Water and Loss . 

• 3*67 » 

3-09 » 


100-00 

100-00 


Composition. — According to Kraemer and Spflker, light oil contains 
the following classes of substances in the approximate proportions 
given : — 

Phenols (technically termed “ Acid Oils ”), 5 to 1 5 per cent 
^ Chem. Zeity 1910, 34, 545. 
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Bases (Pyridines), i to 3 per cent 

Sulphur Co7npounds (Carbon bisulphide, Thiophene and its homo- 
logues), about o* i per cent 

Nitriles^ 0*2 to 0-3 per cent 

Neutral Substances containing oxygen i'Acetone, Cumarone), i-oto 
1-5 per cent 

Nfdrocarbons^ 80 to 100 per cent 

" The last consists chiefly of aromatic hydrocarbons of which four- 
fifths is benzene and its homologues, and one-fifth naphthalene. The 
remaining hydrocarbons are Olefines, 3 to 5 per cent; Paraffins, 0*5 
to 1*0 per cent; and Cyclic Hydrocarbons, both saturated and 
unsaturated (the latter of which absorb bromine), i-o to 1*5 per 
cent 

The percentages of the individual benzene hydrocarbons in the 
mixture diminish as their boiling points rise (Kraemer and Spilker) ; the . 
ratio of benzene, toluene, the xylenes, and tri- and tetra-methylbenzenes 
is approximately 100, 30, 15, 10, and i. 

• 

The Examination of Light Oil. 

The works’ tests are confined to the determination of the specific 
gravity and of the boiling point of the crude oil, the specific gravities 
of the cr^ide benzol fractions coming over at temperatures up to 
120° and up to 160°, and the estimation of the phenols, bases, and 
naphthalene. 

Specific Gravity , — This is usually determined with the hydrometer, 
or Mohr’s balance ; it varies with the boiling point, and in the case of 
normal light oils, of which 90 per cent boils below 200°, its value is 
about 0*930. Values of above 0*950, and below 0*900 with the above 
boiling point, indicate an abnormal composition or admixture with 
other oils, such, for instance, as the distillates of oil gas tar or the 
distillates from the lignite and petroleum industries. 

Boiling point , — For the determination of the boiling point — i.e,^ the 
range of temperature within which each fraction distils over — glass 
retorts are still largely used in England. In Germany, retorts of 
copper, rarely of glass, are in fairly general use, and have a capacity 
of about 150 C.C. They are provided with a thermometer, and con- 
nected to a Liebig’s condenser. One ihundred c.c. of the oil to be 
tested are taken, and the fractions obtained through every 16^ 
rise of temperature are received in graduated cylinders mounted on a 
rotating stand, so as to ensure the uninterrupted collection of the several 
fractions. The distillation is continued until at least 95 per cent, has 
distilled, so that the distillate can be used at once for further examina- 
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tion. The fractions up to 120° are united, and tested for specific 
gravity, which in the case of good light oil should be from o-88o to 
0-885. A lower specific gravity shows the presence of paraffins. From 
the fractions above 180° the naphthalene will separate out at the 
ordinary temperature, and can be estimated after it has been pressed 
between filter papers or drained on a porous tile. 

Acid Oils {Phenols) and Bash (Pj/ridines ). — For these estims-tions 
all the fractions are united (the graduated measures being washed with 
xylene) and shaken up in a gtaduated cylinder together with 100 d.c. 
of sodium hydroxide (sp. gr. i*ioo). The volume of the alkaline 
solution is read off after the liquids have separated. Each increase of 
I C.C. in volume represents i per cent, of acid oils. For a more exact 
estimation, the sodium hydroxide solution is carefully separated from 
the oil, evaporated on the water-bath until no further cloudiness results 
on the addition of water, then cooled, acidified with hydrochloric acid, 
and salted out with common salt. The volume of the phenols, which 
separate out, is measured, and calculated as i per cent, for each cubic 
centimetre. 

The quantity of the bases is found by shaking up the oil, previously 
washed with sodium hydroxide solution, with 30 c.c, of 20 per cent, 
sulphuric acid. After allowing to settle, the increase in volume of the 
sulphuric acid is noted. A control determination can be effected by 
evaporation of the acid solution and precipitation of the bases by a 
large excess of sodium hydroxide (sp. gr. 1-4). • 

To determine the quantity of pyridine and its homologues that are 
present in the total bases, the mixture of bases and excess of sodium 
hydroxide, as obtained in the preceding estimation, is submitted 
to distillation until the distillate no longer tastes of pyridine. 
The distillate, amounting to about 50 c.c., is diluted to 200 c.c, with 
absolute alcohol, and 10 c.c. of the mixture treated with 50 c.c. of 
absolute alcohol and about 2 c.c. of a saturated, aqueous solution of 
cadmium chloride. After standing for twenty-four hours, the white 
crystals of the double salt of the bases and cadmium chloride which 
have separated out, are collected upon a tared filter, dried at 100°, and 
weighed. One hundred parts of the double salt represent forty-six 
parts of pyridine bases. 

In English works, the examination of the first runnings and of the 
light oils for their yield of valuable constituents (benzene, toluene, 
xylene, solvent naphtha, and phenol), is carried out by the method of 
Cr. E. Davis,^ which agrees in its essentials with that previously pro- 
posed by Lunge.^ Two hundred c.c. of the oil (“crude naphtha ’’) 

^ Soc, Chem, Ind.^ 1885, 4, 645. 

2 Coal Tar and Ammonia^ pp. 747 et seq. 
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are well shaken for five minutes with 20 c.a of sulphuric acid of sp. gr. 
1*84 in a pear-shaped separating funnel of 300 c.c. capacity. The 
tarry sulphuric acid is carefully drawn off from the dark oil above, 
the latter washed twice with 300 c.c. of water, in the funnel, then with 
30 C.C. of sodium hydroxide solution of sp. gr. i-o6o, once more with 30 
c.c. of water, and the volume of the residual oil measured. The difference 
behveen this and the original quantit}^ represents the loss on washing.” 
The oil is then distilled from a round-bottomed 200 c.c. flask with a Le 
Bel-Henninger or Hempel column, as^many cubic centimetres of the 
washed oil being taken as correspond to the percentage obtained on 
washing. A Liebig condenser is attached and the flask heated in a sand- 
or air-bath so that one drop passes over every two seconds. The distillate 
up to 120"^ is collected in a graduated cylinder, and the receiver changed 
to collect the portion passing over up to 170^ The burner is removed 
before each change of the receiver, and the condenser allowed to 
completely empty itself. The distillate up to 120° consists principally 
of a mixtS^e of benzene and toluene; that from 120° to lyo*" is taken 
as solvent naphtha, and gives by fractionating 90 per cent, boiling 
between 125'" and^ido''. The residue remaining in the flask, which 
generally solidifies on cooling, is considered as creosote oil 

For the approximate estimation of the products contained in the 
first fraction, Davis gives the following tables : — 


A. ^Mixtures of 90 per cent and 50 per cent. Benzol 


Benzol. 

First Drop. 

Percentage 
distilled 
at 100". 

Percentage 
distilled 
at 120". 

90 per cent. 

60 per cent. 

0 

100 

92'’ 

60 

90 

5 

95 

92^^ 

51 

92 

10 

90 

9r 

61-5 

92 

15 

85 

9r 

53 

92 

20 

80 

90'’ 

55 

92 

25 

75 

90° 

60 

93 

30 

70 

90° 

65 

98 

35 

65 

90° 

67 

94 

40 

60 

88° 

^ 69 

94 

45 

55 

88° 

70 

94 

60 

50 

87° 

71 

94 

65 

1 45 

87° 

73 

94 

60 

40 

86° 

76 

95 

65 

35 

86° 

78 

96 

70 

30 

86° 

79 

96 

75 

25 

85° 

^ 84 

96 

80 

r20 

85° 

84 

97 

85 

15 

84° 

86 

97 

90 

95 

10 

6 

84° 

84° 

88 

89 

Dry 

100 

0 

84° 

90 

u 

11 
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B. Mixtures of 50 per cent. Benzol and Commercial Toluene. 


Mixture of 

First Drop. 

• 

Percentage 
distilled 
at 100°, 

Percentage 
distilled 
at 105“. 

Percentage 
distilled 
at 110“. 

Percentage 
distilled 
at 120“. 

50 per cent. 
Benzol. 

Toluene. 

100 

0 

t 

92" 

•50 

68 

80 

91 • 

95 

5 

93" 

45 

64 

76 

91*^ 

-90 

10 

94° 

33 

60 

73 

90 

85 

15 

94" 

♦ 30 

58 

73 

90 

80 

20 

95" 

28 

57 

72 

90 

75 

25 

95" 

26 

65 

71 

90 

70 

30 

96" 

22 

48 

67 

90 

65 

35 

96" 

19 

47 

65 

90 

60 

40 

96" 

16 

46 

65 

90 

55 

45 

97" 

12 

44 

65 

90 

50 

50 

98" 

8 

42 

64 

90 

45 

55 

98" 

4 

34 

57 

90 

40 i 

60 

99" 

0 

26 

66 

90 

35 

65 

100" 

0 

25 

65 

90 

30 

70 

100" 

0 

23 

63 

^ 90 

25 

76 

100" 

0 

21 

63 

^ 90 

20 

80 

100" 

0 

16 

48 

90 

15 

: 85 

101" 

0 

14 

46 

90 

10 

90 

102" 

0 

13 

• 45 

90 

5 

• 95 

103" 

0 

10 

44 

90 

0 

100 

103" 

0 

0 

39 

90 


C. Mixtures of 90 per cent. Benzol and Commercial Toluene. 


Mixture of 

First Drop. 

Percentage 
distilled 
at 100“, 

Percentage 
distilled 
at 106“. 

Percentage 
distilled 
at 110“. 

Percentage 
distilled 
at 120". 

90 per cent. 
Benzol. 

Toluene. 

0 

100 

103" 

0 

7 

60 

94 

5 

95 

102" 

0 

21 

59 

94 

10 

90 

101° 

0 

30 

66 

94 

16 

85 

100° 

0 

38 

68 

95 

20 

80 

97° 

9 

43 

73 

95 

25 

75 

95° 

16 

53 

76 

95 

30 

70 

95" 

23 

59 

78 

96 

35 

65 

94" 

33 

60 

80 

96 

40 

60 

93" 

43 

66 

82 

96 

45 

65 

92" 

46 

71 

85 

97 

50 

50 

91" 

52 

72 

86 

97 

65 

45 

91" 

68 

76 

86 

97 

60 

40 

91" 

60 

78 

88 

97 

65 

35 

90" 

65 

81 

89 

97 

70 

1 30 

89" 1 

k 71 

83 

91 

97 

75 

! 25 

88° 

76 

85 

91 

98 

80 

i 20 

87" 

77 

87 

• 92 

98 

85 

15 

86" i 

83 

89 

93 

98 

90 

10 

86" i 

85 

91 

94 

Dry 

95 

5 

84" 

88 

93 

! 95 

T> 

100 

0 

84" 

90 

94 

96 

J) 
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Example . — A sample of crude naphtha gave the following results 
by Davis’s method : — 

Loss on washing, 18-5 per cent. 

Distillate up to i2o‘" (benzene), 45 per cent. 

Rectification of above, of 90 per cent. 

be^i^ol and 50 per cent, of 50 per cent, benzol, according to Table A. 

Distillate up to I7o^ 10 per cent. 

• -D .-r .. r 126° 160° " 

Rectification of same, 

’ o 92 

The actual working results obtained in practice were : — 

90 per cent, benzol, 23 per cent. 1 ^ 

50 „ „ 24 „ |47percen. 

(?>., each about 50 per cent). 

Solvent naptha, 10-4 per cent 

Rectification of same, 

I 94 

Loss on washihg, 20 per cent 


The Working* up of Light Oil. 

The oil is redistilled, and yields the following intermediate products 
according to the hydrometer readings : — 

(a) Lrght benzol up to 0-89 sp. gr. 

(р) Heavy benzol up to 0-95 sp. gr. • 

(с) Carbolic oil up to i-oo sp. gr. 

The distillations are stopped when a considerable separation of 
naphthalene commences. The residue is united with the crude middle 
oil, and the carbolic oil mixed with the corresponding fraction from 
middle oil, and both further worked up as subsequently described. 

The further working up of the crude benzols is carried out in the 
benzene works, where repeated washings with caustic soda and with 
strong sulphuric acid are followed by rectification with a dephlegmating 
column. Similar fractions are then united and the final products form 
the usual grades of commercial benzene. 

The control of the working conditions extends chiefly to testing the 
purity of the washed benzols — l.e., their behaviour to concentrated 
sulphuric acid and to bromine, as wiJI be described later. For this 
purpose samples of 100 c.c. are removed from the sulphuric a^d 
washing process, and shaken in a separating funnel, first repeatedly 
with water, then with sodium hydroxide solution of sp. gr. i-i, and 
finally with $0 c.c. of distilled water. Sixty c.c. of each sample are 
then distilled in the above-mentioned small copper still and the 
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distillate tested with bromine and with concentrated sulphuric acid. 
According to the result of these tests, the washing process, consisting of 
the removal of the acid resin and further treatment with i per cent, 
quantities of sulphuric acid, is repeated until the washed product 
corresponds to the standard of purity required. The yield of final 
products is determined by careful distillation with a fractionating 
column (cf. infra). 


IL-»M 1 DDLE OIL 

Properties. — When completely liquid — i.e,^ at 40°, as it comes from 
the condensers, it forms a yellow or brownish oil possessing a slightly 
sharp but distinct odour of carbolic acid and naphthalene ; the specific 
gravity (measured at 40° and calculated to 15°) is not below i-oo, and 
on the average amounts to about i*02. At the ordinary temperature it 
is solid or semi-solid owing to the contained naphthalene. The oil, 
which can be separated by draining or straining the ma>s»ar should 
usually distil up to 250° and have a sp. gr. of 0-99 to i-oi. Kraemer 
and Spilker give the following results of the distillation of crude and 
of drained-off middle oil : — 


Temperature. 

Crude Oil. 

Drained-off Oil. 

“C. 

Per cent. 

Per cent. 

160—170 

5 

4 

180 

10 

10 

19a 

20 

25 

200 

35 

43 

210 

55 

68 

220 

70 

75 

230 

80 

81 

240 

85 

86 

250 

88 

88 

255 

90 

90 


The boiling points of middle oil vary according to its origin. 

Rispler^ obtained the following results by working up the middle 
oils from gas tar and from coke oven tar : — 


Distillates. 

Middle Oil from 

Gas Tar. 

Middle Oil from 
Coke Oven Tar. 

Up to 165° (Crude Benzol II.) 

. 4*15 per cent. 

1*78 per cent. 

Up to 195“ (Carbolic Oil) . 

. 21-77 ,, 

19*91 » 

Up to 220° (Naphthalene) . 

• 43-45 » 

28-68 3, 

Residue (Heavy Oil) 

26-91 „ 

48-18 „ 

Water and Loss 

• 3-72 „ 

. 1-45 » 


Composition. — The chief constituent is naphthalene, which may 
amount to 40 per cent The most important of the liquid constituents 

^ Chem, ZeiUy iQio? 34) 545« 
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are the phenols, 25 to 35 per cent, of which about one-third consists 
of ordinary phenol, and two-thirds of its homologues, principally the 
isomeric cresols with a small quantity of xylenol. According to 
Rispler,! the middle oil from gas tar contains up to 50 per cent of 
naphthalene and about 25 per cent of acid oils ; that from coke oven tar, 
on the other hand, contains only up to 43 ^er cent of naphthalene, and 
not^more than ij'per cent of acid 6ils. The two methylnaphthalenes 
also occur in middle oil, which further contains, on an average, about 5 per 
cent of basic substances, comprising considerable quantities of pyridines, 
quinoline, and quinaldine, boiling from 239° to 242°. Spilker’s explana- 
tion of the remarkable fact that pyridine, which boils at 1 1 S°, is met 
with in considerable quantity in the relatively high boiling middle oil, 
is that it combines with the phenols to form compounds which only 
begin to distil at 180° to 190°. These compounds are only decomposed 
on treatment with sodium hydroxide solution, a fact which is to be 
borne ij^nind in working up the oils, since the extraction of bases can 
only take place after the removal of phenols by treatment with caustic 
soda. 

The Examination of Middle Oil. • 

This comprises the determination of the boiling point and specific 
gravity of the crude oil, the percentage of naphthalene, the boiling point 
and specific gravity of the oil after crystallisation of the naphthalene, 
the boiling point of the naphthalene, and the percentage of phenols and 
of bases ^n the oil freed from naphthalene. The latter determinations 
are carried out as described under Light Oil. 

Naphthalene , — To determine the naphthalene, from o*5 to 2 kg. 
of the previously liquefied oil are allowed to stand for twenty -four hours 
with frequent stirring. The crystals which separate are filtered on the 
pump, pressed between linen or filter paper in a hand-press till no 
longer oily to the touch, and weighed. 

To determine the boiling point of the crude naphthalene, 100 g, of the 
pressed material are distilled from a copper retort, the distillate collected 
in separate porcelain dishes for every degree rise of temperature, and 
weighed. 

Phenols and Bases are estimated as described under Light Oil, 
p. 767. The examination of the phenols is carried out as described 
under Carbolic Oil, p. 773. 

A good Middle Oil should have the following properties : — The 
specific gravity should be at least i-o at 15°. At least 90 per c^t 
should boil below 260^, and it should contain at least 30 per cent of 
naphthalene, boiling between 210° and 220°. The boiling point of 
the oil when freed from naphthalene should average 250° ; its specific 

^ CAm, ZeiU^ 1910, 34, 545. 
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gravity should then be from 0*99 to i*or, and it should contain 5 per 
cent of bases and 25 to 35 per cent of phenols. The boiling point of 
the phenols should start at 180'', after driving off the water, and rise 
to about 210''; at igo'" at least 25 per cent of the phenols should 
have distilled over. 

The Working up of Middle Oil. — By distillation in direct fired 
stills middle oil yields the following fractions according to^^e 
hydrometer readings: — 

(a) Carbolic Oil up to i*oo sp! gr., about 20 per cent 

(d) Naphthalene Oil not exceeding 1*025 sp. gn, about 30 per cent 

(c) Residue, = Heavy Oil, about 50 per cent 

Fraction (a) is equivalent to fraction (c) from Light Oil, and is 
added to it ; fraction (d) corresponds essentially to fraction (a) from 
Creosote Oil (p. 77S), and is worked up with it The residue (c) is 
transferred to the Heavy Oil. According to the purity of the crude 
Middle Oil, it is distilled either at once or after previous separation of 
naphthalene by refrigeration. 

III.— CARBOLIC OIL 

Properties. — Carbolic Oil has a similar smell to Middle Oil, 
and a sp. gr. of 1*00 to 1-005. At the ordinary temperature *it is 
thick, owing to the contained naphthalene. It boils between 160° 
and 250°. 

Composition. — It contains from 25 to 40 per cent, of phenols, an 
equal proportion of naphthalene, and about 7 per cent, of bases ; about 
one-third of the naphthalene remains in solution after the oil has 
cooled. The phenols contain a greater proportion of benzene phenol 
than of cresols. 


The Examination of Carbolic Oil. 

Carbolic Oil is examined in the same manner as Light Oil and 
Middle Oil. 

Phenols . — For the estimation of the phenols, at least 500 c.c. of 
the carbolic oil is extracted with sodium hydroxide solution of 
sp. gr. I- 1 , and steam blown through the alkaline solution, on a sand- 
bath, until the distillate is clear and almost odourless. The phenols are 
then precipitated by the addition of hydrochloric acid and a saturated 
solution of common salt, and washed once with water, which must be 
carefully removed. 

In valuing the crude phenol obtained, or any sample of crude 
commercial phenol, the quantity of water, the setting point, and the 
solubility should be determined. All three determinations are performed 
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in one operation, according to Lowe’s method,^ which is generally 
carried out as follows : — 

A 150 C.C. distilling flask is employed, the delivery tube of which is 
connected by a cork with a condensing tube 50 cm. long and of 10 
mm. bore ; the flask is fitted with a thermometer, so that the progress 
of the distillation may be observed. Qne hundred c.c. of the crude 
pRt 5 ¥iol are taken, the water driven* off by heating and collected in a 
25 C.C, graduated cylinder; the water is considered to be completely 
expelled when 10 c.c. of oil (phenol) afe present below it in the cylinder. 
Experience has shown that these 10 c.c. may be considered to consist of 
equal parts of phenol and water. If the oil floats on the water it is Light 
Oil, and indicates incomplete separation from the sodium phenate 
solution during the washing of the Light Oil. The separation of the 
water can be very quickly effected without loss by using as the receiver 
a 2-litre flask, into the body of which the end of the condenser is inserted, 
until temperature rises to 150°. It is very important that all 
moisture should be completely expelled by heating the whole length 
of the condenser,^ especially on its upper side and at the point where 
it is connected to the distilling flask. The neck of th^ distilling flask 
must also be freed from water by heating it with a flame in the same 
way. These precautions are absolutely necessary, as even traces of 
water would lower the setting point of the carbolic acid which 
distils over next. At 150°, the distillation is interrupted and the 
contents^ of the receiver emptied into a 25 c.c, cylinder, in which the 
oil will measure 7 to 8 c.c. The distillation is then continued until the 
total oil in the distillate measures exactly 10 c.c. The receiver is now 
changed for a 100 c.c. graduated cylinder and the distillation continued 
so slowly that the distillate is cold before reaching the cylinder; 62-5 
c.c. are distilled off in this way. The residue in the retort is valueless 
for the manufacture of carbolic acid and cresol. 

The 62*5 c.c. of distillate thus obtained are used for the determina- 
tion of the setting point, as follows : — A thermometer, reading to tenths 
of a degree from 10° to 40°, and the scale of which commences about 
IJ cm. above the bulb, is used for the determination. The cylinder 
is first cooled in ice and water to below the probable setting point 
A small crystal of phenol is then stirred into the liquid with the 
thermometer to hasten the crystallisation. During solidification the 
temperature rises, and the highest point reached, at which the mercury 
remains stationary for at least one miifute, is taken as the setting point. 
For good, crude phenols this should lie between I5°*5 and 24^ ^ 

For comparison, standard mixtures of pure crystallised carbolic acid 
and cresol (preferably tar cresol, a mixture of the three isomers) are 
used, the setting points of which have previously been determined. 

^ Lunge, Coa/ Tar and Ammonia^ ^ 608, 
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Mixtures of phenol with pure ortho-, meta-, or para-cresol, the melting 
points of which were investigated by Lunge and Zschokke,"^ cannot be 
used, as Lunge ^ has pointed out, since coal tar cresol contains all three 
isomers, and the proportions of the isomers in cresols from various 
sources are not identical. , 

Crude Naphthalene is determined as described under Middle Oil 
(p. 772), and Bases as described under Light Oil (p. 767). 

The Working up of Carbolic Oil. — After the separation of the 
contained napthalene by filtration»and pressing, the residual oil is usually 
subjected to a further distillation whereby the chief fraction obtained 
boils between 160° and 205"* and contains about 30 per cent of phenols. 
The subsequent treatment comprises: — 

{a) Dissolving the acidic constituents in caustic soda. 

{h) Removal of the bases with dilute sulphuric acid. 

{c) Steaming and subsequently precipitating the phenols and bases 
respectively. , 

{d) Purification of the products obtained in (r-), either by fractional 
distillation or by recrystallisation. • 

% 

IV.— CREOSOTE OIL OR HEAVY OIL 

Properties. — Creosote Oil is a semi-liquid product, having a smell 
resembling that of naphthalene and carbolic acid ; it distils between 
200° and 300°, and has an average sp. gr. (including about 20 per cent, of 
solid constituents) of 1-04. 

Composition. — The solid constituents comprise naphthalene, 
acenaphthene, and allied hydrocarbons; the liquid constituents con- 
sist of from 8 to 10 per cent, of phenols (chiefly cresols and higher 
homologues), about 6 per cent, of pyridine bases, and about 70 per cent, 
of hydrocarbons of unknown constitution which await further investiga- 
tion. Rispler^ found about 28 per cent, of naphthalene and 16 per 
cent of acidic compounds in gas tar, and about 32 per cent of naphtha- 
lene and 10 per cent, of acidic compounds in coke oven tar. 

Method of Examination. — This includes the determination of the 
sp. gr. and the estimation of the solid constituents (naphthalene), the 
acidic compounds, and bases, according to the methods described above. 
The oil is also distilled and the following fractions separated : — 
id) Naphthalene Oil I., which is the equivalent of fraction {U) 
of Middle Oil, and which is purified and worked up with it. 

^(^) Naphthalene Oil II. This fraction is collected until no more 
napthalene separates out in the distillate. 

(^) Residue = Anthracene Oil. 

^ Ckem. Ind.^ 1885, 8, 6. ^ Coal Tar and Ammonia^ p. 617. 

2 Chem^ Zeit,^ 1910, 34, 545. 
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For further details as to the examination of creosote oils see under 
" Final Products,” p. 829. 

V. — NAPHTHALENE OIL 

Properties and Composition. — Naphthalene Oil I. boils between 
180° and 230°, and separates about 40 per^^cent. of almost pure naphtha- 
lefiis^on standing; it contains about 15 per cent, of acid oils and a small 
proportion (up to 3 per cent.) of basic constituents. 

Naphthalene Oil II. boils between '2oo° and 280°, and also contains 
a considerable quantity of crude naphthalene, but which is mixed with 
acenaphthene and methylnaphthalene, which necessitates a further 
distillation. The other constituents are acid oils (homologues of cresol), 
hydro-naphthalenes, diphenyl, quinoline bases, etc. 

The Working up of Naphthalene Oil.— The liquid portion of 
Naphthalene Oil L, after separation of the solid naphthalene, is termed 
“crudei^rbolic acid.” It contains from 25 to 30 per cent, of phenols, 
and is worked up by fractional distillation to products containing up to 
SO per cent of 4)henols. The oil from Naphthalene Oil II. is a 
creosote oil, which is used in admixture with anthracene oil for 
preserving railway sleepers, telegraph poles, and the like. 

The crude naphthalene is pressed, then washed successively with 
concentrated sulphuric acid, caustic soda, and water, and either distilled 
or sublimed. 

The Methods of Examination have been described above. 

c 

VI. — ANTHRACENE OIL. 

Properties.— This last fraction in the distillation of tar has a sp. gr. 
of I -I and boils between 280° and 400° ; it has a greenish yellow colour, 
which darkens gradually to greenish brown, and possesses a character- 
istic smell different from that of the other tar oils. Anthracene oil is 
liquid at 60 , but on cooling to the ordinary temperature separates from 
6 to 10 per cent of crude anthracene as a greenish yellow powder con- 
taining from 25 to 30 per cent, of pure anthracene. In contrast to the 
other tar oils, it possesses a certain viscosity which renders it applicable 
as a lubricant for rough purposes. 

Composition. — Anthracene oil contains from 2.5 to 3-5 per cent, of 
pure anthracene; the other solid constituents include phenanthrene 
carbazol, fluorene, acridine, eta The proportion of phenols, for the 
most part of unknown constitution, is about 6 per cent. Comparatively 
little IS known of the nature of the remaining liquid constituents. ^ 
Methods of Examination — These comprise the determination of 
the specific gravity, and of the boiling point and the estimation of the 
contained anthracene, which is effected by the method described below 
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The Working up of Anthracene Oil. — After the separation of the 
anthracene by allowing the oil to cool in open vessels, the solid con- 
stituents are removed, either by filtration or by pressing. The oil thus 
separated is used for a variety of purposes, such as for impregnating 
wood, in admixture with crecjsote oil, as the starting point for the manu- 
facture of carbolineum and similar preparations, and, according to a 
proposal of Bueb’s, as an absorbent for naphthalene in the manufaettire 
of illuminating gas. 

The residual crude anthracene is further dried, either in a hydraulic 
press or centrifuge, to remove adhering oil, when a product containing 
from 30 to 50 per cent, of pure anthracene is obtained, which is further 
purified by a variety of alternative processes up to a content of from 70 
to So per cent, of pure anthracene. 


VII.—PITCH 


Properties. — Coal tar pitch is a resinous mass of a de.i^ black 
colour with a more or less brilliant, conchoidal fracture. Its brittleness 
varies according to the degree of hardness obtained in the distillation. 
Accordingly it^ specific gravity varies from 1*275 to 1*300, while its soften- 
ing and melting points are still more variable. The specific gravity also 
depends on the origin of the tar ; that of water gas tar pitch does not 
exceed i*20, that of vertical retort gas tar pitch and of coke oven tar 
pitch 1*25 to 1*275, and that of gas tar pitch, as a rule, 1-30 to 1*33. 
The commercial products are: — Soft Pitch, Medium Hard Pitch, and 
Hard Pitch, which have the following properties respectively : — 

Soft Pitch softens at 40° and melts at 50° ; it is tough at ordinary 
temperatures, and can only be broken up at a low temperature, and on 
long standing the fragments coalesce. The fractured surface shows a 
brilliant lustre. If left exposed to the sun it soon flows, forming a 
viscous mass with a mirror-like surface. 

Medium Pitch (Briquette pitch) softens at 60° and melts at about 
70° ; it is solid at ordinary temperatures and is easily broken into 
fragments which, however, rarely show sharp edges. It soon forms a 
shapeless mass if exposed to sunshine. 

Hard Pitch begins to soften at 80° to 85° and melts between 95"^ 
and 100°. When broken up it forms sharp-edged, resonant fragments of. 
dull lustre which are little affected by exposure to the sun. 

Numerous investigations have been made of the elementary 
composition of pitch. Habets^ found in hard pitch of good quality : — 


Carbon . 
Hydrogen 
Oxygen . 
Ash 


• 75*32 

. 8-90 

. l6*o6 

* 0*43 
100-71 


1 Cf^ Gnelt, StHnkohlenhriquette^ P- 23 , 
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Constam and Rougeot,^ however, in the course of a comprehensive 
study of the valuation of coal briquettes and of briquette tar, found the 
following values : — 



Soft Pitch, i 

Medium Hard Pitch (Briquette Pitch). 

r 

C . . . 1 

H . . . 

O + N + S 

Ash . . . j 

Per cent. 
91*60 

4*89 

3*20 

0*31 ' 

^ Per cent. 

85*14 to 92*59 

4*85 „ 4*60 

7*87 „ 2*77 

2*54 „ 0*04 


Donath and Asriel ^ found in : — 

Carbon. Hydrogen. 

Soft pitch 9^-So 4-62 

Medium pitch ..... 94*32 2-98 

Hard pitch . . . . . 93 * 1 ^ 4 * 3 ^ 

Definite relations, such as might be expected, do not, therefore, exist 
between the hardness and the elementary composition. ^ It is doubtful 
whether the samples of pitch analysed by Donath and Asriel were 
derived from the same tar. 

According to the investigations of Constam and Rougeot, the heat of 
combustion of pitch varies from 8100 to 8900 calories, and its calorific 
value from 7850 to S650 calories. 

If heated in an open crucible, pitch melts ancj intumesces, and gives 
off yellow vapours which have a pungent odour, while a porous coke 
remains. The quantity of coke (which depends on the content of non- 
volatile carbon) may vary within the limits of 30 to 60 per cent. 

Pitch is more or less readily soluble in the usual solvents, less readily 
soluble in methyl and ethyl alcohols, readily soluble in ether and light 
petroleum, very readily in chloroform, carbon bisulphide, and benzene, 
and most completely and quickly soluble in aniline and in the 
mixture of pyridine bases. These solutions are either brown or black, 
and exhibit, in reflected light, the characteristic property of bluish 
green fluorescence of different shades of colour, according to the 
solvent employed. 

A more or less considerable carbonaceous residue remains undis- 
solved, the so-called free carbon (from coke oven and vertical retort tar 
pitch S to 10 per cent, from gas tar jytch 25 to 40 per cent.), the 
composition of which, according to Behrens^ and also Donath aiPd 
Margosches,^ is as follows : — 

1 Gluckauf, 1906, 42, 481 ; / Soc, Ckem. igo6, 25, 631, 1873 

2 Ckem. Rev, Fetu Ind,, 1903, 10, 54. s polyLj, 1873, 208, 371. 

^ Ckim. Tnd.^ 27, 220; J, Soc, Ckem Tnd,^ 1904, 23, 541, 
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Belirens. 

Donatli and Margosclies. 

Carbon 



I. 

per cent. 

90-84 

11 . 

per cent. 
91-92 

per cent. 

89-20 

Hydrogen 

. 

. 

3.06 

3 -i 6 

2-30 

Nitrogen 

. 

. 

— 

— 

0-70 

Ash . 

. 

• . 

0-40 

0-87 

0-67 


Composition, — Pitch consists* of the non-volatile substances $free 
carbon, ash) and of the most difficultly volatile substances contained in 
the tar. Bituminous constituents which decompose on distillation ar^ 
also present. Carnelly^ isolated two distinct bitumens of pitch-like 
appearance, of which one boiled at 427° to 439° and is readily soluble 
in benzene and carbon bisulphide, while the other distils above 439°, is 
hardly soluble in benzene, but more readily in carbon bisulphide. 

The chemical nature of these substances has not yet been 
elucidated.2 

Besides the above substances, pitch contains anthracene, jiienan- 
threne, chrysene, pyrene, acridine, etc, which can be separated by 
distillation, when the bituminous constituents of the pitph undergo partial 
decomposition ♦with the formation of viscous, heavy oils and red, 
resinous substances. 

Method of Examination. — The examination of pitch as an inter- 
mediate product is carried out according to the methods described 
later for the examination of the Final Products (p. 836). 

The Working up of Pitch. — In most cases the tar is disiilled for 
a hard pitch in order Jto recover as much as possible of the more 
valuable oils. The further working up of pitch consists in adjusting it 
for medium or soft pitch or in manufacturing therefrom prepared 
(regenerated) tar, by adding oil distillation residues ; this product is used 
for various purposes (roofing composition, steel works tar, etc.), and is 
made up according to requirements with certain specified melting 
points, specific gravity, consistence, etc. 


C. Final Products 

I.— COMMERCIAL BENZOL 

Commercial benzol is used for very various technical purposes, and 
is accordingly supplied by tar distilleries in various states of quality 
and purity. The greatest consumption is in the aniline colour industry ; 
considerable quantities of 90 per cent, benzol are used for carburetting 
illuminating and water gas, and it also finds increasing application as a 
liquid illuminant (addition to methylated spirit for incandescent 

1 J. Chem, Soc,^ 1 880, 37, 714* 

2 Cf. Kraemer, Ber.^ 1903, 36, 645. 
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lighting (Denayouze and Fernholtz’s benzol lamp). The india-rubber 
and varnish industries use considerable quantities, particularly of 
heavy benzols (solvent naphtha) as a solvent and as a turpentine 
substitute respectively. The use of benzene, and especially that of its 
higher homologues, for the motive power #of explosion engines, is also 
increasing ; its effective value is approximately equal to that of the 
pe'^ol it replaces, and considerably exceeds that of methylated spirit. 
In these directions there is still a wide field for its employment. 
Recently, 90 per cent, benzol has been employed to denature spirit for 
industrial purposes. 

The specifications of the quality of commercial benzol vary accord- 
ing to the purpose to which it is to be applied. The conditions relate 
to the limits of boiling points, the sp. gr. at 15°, the behaviour towards 
sulphuric acid and bromine, the content of paraffins, thiophene, and 
carbon bisulphide, as well as to colour and odour, the latter especially 
in the'^se of the higher boiling benzols. 

The following are the usual commercial products, with their 
approximate boiling points: — 


Commercial Product. 


90 per cent. Benzol . 

60 „ • „ . 

80 jj 

0 »» • 

Pure Benzene . 

Thiophenc-free Benzene 
Toluene . 

Xylene . 

Cumene . 
Pseudocumene , 

Solvent Naphtha I. 

„ II. 

Heavy Benzol . 


{ 


Limits of Boiling Point. 


To 100® 90 per cent., to 120® 100 per cent, 
„ 100® 50 „ „ 120® 90 „ 

and to 130® 100 per cent, 

„ 100® 30 per cent., to 120® 90 ^ per cent. 
„ 100® 0 „ „ 120® 90 „ . 

95 per cent, within 0*8® .... 

95 „ „ 0*8® .... 

95 „ „ 0*8® .... 

To 136® 0 per cent., to 140® 90 per cent. 

„ 163® 0 „ . to 172® 90 „ . 

„ 167® 0 „ .to 170° 90 „ . 

„ 130® 0 „ .to 160® 90 „ . 

„ 145® 0 „ . to 175® 90 „ . 

„ 160® 0 „ . to 195® 90 „ . 


Specific Gravity. 

HI 

16 “ 


0*880 

to 

0*888 

0*878 


0*880 

0*875 



0*870 

}) 

0*872 

0*883 

)) 

0*885 

0*883 

)) 

0*884 

0*870 

») 

0*871 

0*867 

» 

0*869 

0*886 

}> 

0*890 

0*888 

)) 

0*890 

0*870 

)) 

0*880 

0*880 

>) 

0*910 

0*920 

>3 

0*945 


The proportion of pure benzene in “ 90 per cent, benzol ” may vary 
considerably (from 60 per cent, to 80 per cent) with the percentage of 
impurities present, by which also the specific gravity may be consider- 
ably affected. Thus, English benzols are liable to contain a considerable 
quantity of carbon bisulphide, which will raise the specific gravity 
proportionately. On the other hand, Scotch benzols contain but little 
carbon bisulphide but a relatively large amount of light hyciro- 
carbons of the fatty series, which will lower the specific gravity. 
A good sample of “90 per cent benzol” should not commence to 
distil before 80°, or yield more than 20 to 30 per cent, of distillate 
under 85°. 
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The composition of commercial benzol is approximately as follows 
(F. Frank ^): — 



90 per cent. 
Benzol. 

• 

50 per cent. 
Benzol. 

0 per cent. 
Benzol. 

Solvent 
Naphtha 
to 1(50°. 

Solvent 
Naphtha 
to 175% 

Heavy 

Benzol. 


% 

Per cent. 

Per (ftnt. 

Per cent. 

Per cent. 

Per cent. 

Per cmt. 

Benzene .... 

84 

43 

15 

... 

• •• 

... 

Toluene .... 

13 

46 

75 

5 


.. • 

Xylene .... 

3 


10 

70 

35 

5 • 

Cumene .... 

... 


... 

25 

60 

80 

Neutral Naphthalene Oil . 

... 

... 


... 

5 

15 


Cumarone and indene are not accounted for in this table ; the latter 
is contained in the heavy benzol up to 40 per cent, and also to about 
6 per cent in the slightly washed naphtha, boiling up to 175°. Further, 
the proportion of paraffins, carbon disulphide, thiophene, etc., is also 
not included. ^ 

As an average of many years’ observations, Kraemer and Spilker ^ 
give the composition of commercial benzols used ki colour works as 
follows : — • 



90 per cent. 
Benzol. 

50 per cent. 
Benzol. 

0 per cent. 
Benzol. 

Remarks. 

Water 

Paraffins 

Carbon bisulphide . . ^ . 

Compounds absorbing bromine 
Thiophene (in above) 

Benzene 

Toluene , , , • . 

Xylene ..... 

Per cent. 
0*060 
0*100 
0*686 
1*202 

(C 

80*922 

14*850 

2*180 

Per cent. 

0‘*25 

0*39 

1*23 

► *264 per cent 
45*37 
40*32 
12*44 

Per cent. 

0*50 

0*82 

13-64 

73-42 

11-69 

The 'v^ter in 90 
per c6nt. Benzol is 
usually found in 
summer only, and 
then only shortly 
after its manufac- 
ture. 


The range of boiling points of the commercial products given in the 
above tables, at the normal pressure of 760 mm. is as follows : — 





Per cent. 



Per cent. 

90 per cent. Benzol 

8i*o to 

85 ^ 

— 48-0 ■ 

30 per cent. Benzol 

loi to 105® 

— n.o 


j) 

90° 

— 78*0 


,j no'’ 

— 49.0 


jj 

95 ° 

- 87*5 


JJ ns'’ 

““ 79*0 


jj 

100'’ 

— 91-5 


JJ 119.5' 

= — go-o 

50 per cent. Benzol 

78-0 to 

90° 

— 3*0 


„ 120'’ 

— 91*0 


>» 

95 ° 

— 31.0 


,j 125 ° 

— 95.0 



lOO*" 

— t 52 *o 

0 per cent. Benzol 

125 to 130° 

— 30-0 


JJ 

105° 

— 67-0 


JJ 135° 

— 60*0 


JJ 

110° 

— ' 77*0 


JJ 140° 

— 87.0 


JJ 

115° 

— 84*0 


JJ 141*5' 

— 90.0 


JJ 

120° 

— 90-0 

Solvent Naphtha I. 

135 to 140'^ 

— 20*0 


^ Chem* Ind,^ 1901, 24, 239. 

2 Muspratt, Handhuch der technischen Chemie^ 4th ed., 8, pp. 33 etseq. 
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Solvent Naphtha I. 


Solvent Naphtha IL 


Heavy Benzol 




Per cent. 

140 to 145“ — 50-0 
„ 150“ — 7S-0 
„ 155° — 85-0 
159° — 90-0 

„ 160° 91*0 

147 to 150° — 5*0 

„ 155° ~ 25.0 
,j 160'' — 50-0 
„ 165° — 72-0 
„ 170° — 84-0 
„ 173° ~ 90-0 
» 175" — 91*0 
160 to 165° — 15*0 
„ 170" 45*0 

„ 175° — 70*0 
„ 180° — 82*0 
„ 187° ~ 90-0 
» 190° 91*0 


Pure Benzene 


Toluene 


Cumene 


Pseudocumene 


Per cent. 

79*5 to 79*6° — 2*0 
„ 79-8° — 60 
„ 8o*o'^ — 1 0-0 
„ 8o*i° 65*0 

„ 8o*2° — 94-0 

10-2 to 110*3° — 15.0 
» 110 * 4 "— 35‘0 
„ 110*5“— 70*0 
j, 110*6° — 90*0 
„ 110*7°— 95*0 

165 to 166° — 7*0 

„ 168° — 37-0 

„ 170°— 70-0 

„ 172“— 90-0 

166 to 167° — 30*0 

,, 168° — 90*0 

„ i68*5°— 95*0 


(a) Determination of the Specific Gravity. 

The determination of the specific gravity, which is often quoted 
in the valuation of commercial benzol, is carried out in the usual way. 
It should, however, be pointed out that the specific gravity of a benzol 
is no reliable criterion as to its nature, since it is markedly influenced 
by the character of the impurities present. If amongst the latter the 
specifically^ heavier carbon disulphide predominates, the specific gravity 
will be higher than when the lighter hydrocarbons form the major 
portion of the impurities, and, again, the specific gravity may be approxi- 
mately normal if both classes of compounds are present together in 
such proportion that their effects are neutralised. 

(b) Determination of the Range of Boiling Point. 

For the valuation of a commercial benzol by the determination of 
its range of boiling point, it is necessary, in order to obtain comparative 
results, that the distillation should be conducted under rigid and exactly 
specified conditions. In this country most commercial contracts are 
based upon Allen’s ‘‘Retort Test,”^ which is described by its author 
as follows : — 

One hundred c.c, of the sample (say a 90 per cent, benzol) 
is measured in an accurately graduated cylinder and poured thence 
into a tubulated retort, of such a size to be capable of containing 
200 c.c. when placed in the ordinary position for distillation. The 
retort should be previously rinsed with some of the sample to be tested. 
A delicate thermometer is fitted in the tubulure of the retort by a cork, 
so that it may be vertical and the lower end of the bulb be f in. distant 

^ Commercial Organic Analysis^ 3rd ed., vol. ii., part ii., p. 184. 
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from the bottom of the retort The thermometer should be 14 in. long, 
and its bulb sufficiently small to ensure complete immersion in the 
liquid. The first division on the stem should be at 70°, which point 
should be well out of the tubulure of the retort, and the graduation 
should be continued in tenths of a degree up to 130^ The neck of the 
retort is inserted into the pinner tube of a Liebig condenser and 
pushed down as far as it will go. *The condenser should be from i^in. 
to 18 in. in length, and well supplied with water. No cork or other 
connection is necessary betweeiii the retort neck and condenser tube. 
The arrangement of the apparatus is shown in Fig. 125. Before use, 



Fig. 125. 


the tube of the condenser should be rinsed or sprayed with a little of 
the sample and allowed to drain. The graduated cylinder employed 
for measuring out the sample is next placed under the farther end of 
the condenser tube in such a manner as to catch all the distillate whilst 
allowing it to drop freely, 'fhe retort is then heated by the naked 
flame of a Bunsen burner, provided with an air-regulator which works 
automatically with the movements of the tap, and surrounded with a 
screen to exclude draughts. The flame should be small, about the 
size and shape of a filbert, and when the distillation of the benzol 
commences, it must be so regulated that the condensed liquid shall fall 
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rapidly in distinct drops, but not in a trickle or continuous sfream. 
When distillation begins, the rise of the thermometer is carefully 
watched. The moment it registers a temperature of 85° (or as much 
below this temperature as will allow the “ after-rise ” to bring the 
thermometer to this temperature) the flame is extinguished. Four 
or five minutes are allowed for the liquM in the condenser to drain 
in|o the measuring cylinder, and then tlie volume of the distillate is 
read off and recorded. The burner is then relighted and the distillation 
continued till the thermometer rises to 100°, when the gas is turned off 
as before, and the volume of the distillate read off, after allowing time 
for draining. The residual liquid in the retort is allowed to cool and 
is then poured to the last drop into the measuring cylinder. Any 
deficiency from the 100 c.c. originally taken is regarded as “loss by 
evaporation or other natural causes,” and is to be added to the measure 
of the distillate collected at each temperature. The corrected volumes 
are rerorted as the “ strength ” of the benzol at the respective tempera- 
tures. It is very desirable to observe the barometric pressure before 
making an experiment. A difference of i in. in the height of the 
barometer makes 'a difference of l° in the boiling point, and hence if 
the barometer registers 2 g-S in. instead of 30 in. the* gas should be 
extinguished so that the thermometer may show a temperature of 99°-S 
instead of 100°. 

A more reliable method than the above for the assay of commercial 
benzols, ^nd which is in general use in Germany, is the result of a 
proposal due to Lunge ^ for the attainment of uniform methods of 
analysis. 

It is based upon the employment of an apparatus proposed by 
Bannow in i886, and makes use of the results 
obtained by Lenders ^ on the influence of the height 
of the barometer upon the boiling point of benzene 
hydrocarbons. The apparatus for carrying out the 
distillation, as described by Kraemer and Spilker,^ is 
shown in Figs. 126 and 127. A spherical vessel 
(Fig. 126) made of strong copper 6 to 7 mm. thick, 
which is slightly flattened at the bottom, is used for 
the distillation. It has a neck 25 mm. long, the 
diameter of which is 22 mm. at the top and 20 mm. 
at the bottom, for the reception of the glass prolonga- 
tion, which is 150 mm. long and 14 mm. wide. In 
the middle of the glass portion is a bulb of 30 mm. diameter, abwe 
which, at a distance of 10 mm., a side-tube of 8 mm. diameter is sealed 
almost at right angles. The glass column and the spherical vessel are 

‘ aem. hid., 1884, 7, 50. 2 Hid., 1889, 12, 169. 

Muspratt, Handbuch der technkcken Chemie^ 4th ed,, 8, p. 35. 
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conna:ted by means of a good cork stopper. A Bunsen burner of 
about 7 mm. diameter or a benzene spirit lamp is used for heating. 
The burner is placed in a tinplate cylinder provided with a door, and 
also with four round holes lo mm. above the bottom, and four more 
lo mm. below the top, for ventilation (Fig. 127). This small heater 
is covered at the top with a» sheet of asbestos having a round hole of 
50 mm. diameter in which tMe spJierical retort is placed. The it^er 
tube of the glass Liebig condenser has a length of 800 mm., and is 
inclined with the outlet 100 mm. below the level of the inlet. The 
thermometer is made of thin glass, and is graduated in -j^ths of a 
degree for pure benzene, and in -l-ths of a degree for commercial pro- 
ducts ; it should be about one-half the diameter of the neck, and must 
be so fixed that its bulb is exactly in the middle of the widened part, 



and should be compared from time to time with a standard ther- 
mometer. The distillate leaves the condenser through a bent adapter, 
and runs down the sides of a 100 c.c. graduated cylinder. 

To carry out the valuation, 100 c.c. of the liquid are put into the 
flask, and the distillation is conducted so that 5 c.c. distil over per 
minute, Le,^ two drops per second; it is complete when 95 c.c. have 
distilled over. In order to correct any cause of error due to different 
barometer readings, the method of Bannow can be employed, in which 
the thermometer reading is checked by distilling 100 c.c. of water in 
th% same vessel, and observing^he thermometer reading at the boiling 
point of the water, when 60 o.c. of the water have ‘distilled over. It is 
simpler, however, to utilise Lender’s corrections as follows : — 

I. When the barometer stands at 720 to 780 mm. the percentages 
of the distillate obtained are reduced to the corresponding amounts 
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for the normal reading of 760 mm. by applying the following cor- 
rections : — 

For 90 per cent benzol, 0-033 per cent, 
for 50 per cent „ 0-077 » 

to be added or subtracted for each millimetre of difference. 

^2. For barometer readings of frc5m 720 to 780 mm. for distillation 
up to 100°, for each millimetre difference add or subtract : — 

• For 90 per cent benzol, 0-0453°, 

for 50 per cent „ 0*0461°. 

3. In the case of pure products, the difference of temperature for 
each millimetre difference in the barometer readings between 720 mm. 
and 780 mm. is : — 

Benzene, about 0-043°, 

^ Toluene, „ 0-047°, 

Xylene, „ 0-052°. 

Example. — In^the case of a 90 per cent benzol, 88-8 per cent dis- 
tilled over at 100°, the barometer reading being 721-2 *mm.; to reduce 
the percentage to the standard reading of 760 mm. : — 

760-721-2 = 38-8 mm. 

38-8x0-033 = 1-28 per cent 
^ 88-8-1-28 = 87-52 „ 

at 100°. 

Or, if the distillation of the same benzol be carried out at 730 mm. 
barometer reading, then according to 2 : — 

760-730 = 30 mm. 

30x0-0453 = 1-359°. 

In carrying out this distillation, therefore, in order to obtain the 
percentage distilled over, when the height of the barometer is 760 mm., 
the temperature of distillation must be taken at 100— i-359 = 98°-64i, or 
approximately 98°-6, instead of 100°. 

A. Spilker has shown, however, that the following artificially pre- 
pared mixtures all give the limits of boiling point required for a 
90 per cent, benzol : — 

{a) 82-0 per cent, benzene + i8-o per cent, toluene. 

(5) 92-2 „ „ +7-8 „ - xylene. 

(c) 90-0 „ ' „ + S-o M toluene +5-0 per cent. xyRne. 

id) 84-0 „ „ +13.0 „ „ +3.0 

Of these mixtures only {d) corresponds in composition to an 
average commercial 90 per cent, benzol. 
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(c) Estimation of Individual Benzene Hydrocarbons. 

The quantitative estimation of the benzene, toluene,, and xylene 
contained in commercial benzols is carried out by fractional distilla- 
tion. This is easily done as the boiling points of the separate con- 
stituents lie far apart: — Benzene, 8o°*2 ; toluene, ilo°-9; xylene, 138° 
to 142°. For this purpose cm ^paratus is used 
similar to a technical distilling column. H. Kreis^ 
compared the efficiency of various forms of glass 
apparatus of this kind, espedalty- for mixtures of 
benzene and toluene, and came to the conclusion that 
a simple Hempel column was quite as effective as 
the complicated apparatus of Le Bel-Henninger ; the 
subject has since been more fully investigated by 
Young (cf. infra), Monnefs^ apparatus, shown in 
Fig. 128, is of similar type to the Hempel tube; 
it separates mixtures of liquids almost as completely 
as the large scale rectifying columns of the Savalle 
type. The glass column D, 0*35 to 0-40 metres long,^ 
and of 28 to 35 mm. bore, is filled with metallic 
granules or with pieces of glass or flint ; the bottom 
of the tube is contracted to 5 mm. diameter so that 
it can be introduced through the cork of the flask B. 

Above the narrow portion is a funnel with a fluted 
rim so that the condensed liquid flows back to B, 
whilst the contents of B are kept in place. Lead- 
shot is the most convenient material to use. The 
tube is filled to half its height with small shot upon 
which is placed a layer of copper gauze, and the rest 
of the tube is filled with larger shot to about 25 mm. 
below the side tube J, which leads to a Liebig condenser, and is placed 5 
or 6 cm. below the top of the column. The thermometer bulb is placed 
immediately above the metal shot, without touching it. The heating 
of the liquid up to the point where regular distillation begins must 
be carefully conducted. When used for easily condensible liquids, 
such as high-boiling hydrocarbons, aniline, toluidine, etc., the flask B 
is preferably covered with wire gauze, and the column with thick 
asbestos sheet, in order to hinder radiation. The fractionating efficiency 
of the apparatus is, on the whole, proportional to the total surface and 
conductivity of the metallic filling. 

A valuable comparison of the relative efficienc;^ of various forms of 
still-heads or fractionating columns has been made by Young, ^ who has 
also designed several new forms of fractionating columns, which are 

1 Anftalen, 1889, 254, 259. Momi. Scient.^ 1887 [4], 335, 835, 

^ J. Chem, Soc., 1899, 75, 679 ; c/. also S. Young, Fractional Distillaiiou, 1903. 

11 * 3 
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shown in Fig. 129 ; they are known as the “ Pear/’ the “ Rod and Disc/’ 
and the “ Young and Thomas ” forms. 



The following table gives the results of a single distillation of a 
mixture of equal weights of pure benzene (boiling point 8o°*2) and 


Temperature 

Range. 

Ordinary 

Distillation 

Bulb. 

Hempel 

Column. 

" Rod and 
Disc " 
Column 
(20 Discs). 

“ Pear ” 
Column 
(13 Pears). 

Le Bel- 
Henninger 
Column 
(3 Bulbs). 

Young 
and Tliomas 
Column 
(18 Sections). 

80'’ *2 to 8 r -2 

None 

1 OA tCi f 

None 

None 

None 

31*5 

81^-2 „ 83'’-2 

None 

y A\j 0 ^ 

2-0 

3-0 

0*5 

7*3 

83°*2 „ 107°-9 

82*4 

39*3 

64*7 

59-4 

68*9 

14*4 

107°‘9 „ 110°'3 

6-8 

6-8 

7*4 

5*0 

9*8 

4*0 

110'‘*3 „ 

5*9 

8-4 

7*r 

11-0 

6*8 

8*1 

Residue 

4*9 

24*9 

18*4 

21*6 

14*0 

34 *r 


pure toluene (boiling point iio°-9) with different fractionating columns. 
The distillate was collected in each case in eleven fractions at intervals 
of about 3°, the residue after the boiling point of toluene had been 
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reached forming a twelfth fraction. The same rate of distillation (one 
drop per second) was maintained throughout, as it was found that this 
factor has a marked influence on the efficiency of the separation. 

Fifty grams of the mixture were distilled in each case, and the 
distillates at each temperature are given in percentages. 

The remarkable efficiency* of the Young and Thomas still-head is 
shown by the fact that in a single tiistillation over 70 per cent, of ^e 
benzene and toluene present are separated in an almost pure condition. 
From the figures given an idea^ may be formed of the number of 
fractionations which will be necessary with each form of apparatus to 
obtain a complete separation into pure products. 



Fig. 130. 


Many tar-products and colojir works laboratories employ the small 
disfilling column of Claudon and Morin, ^ which is* constructed on the 
same model as the larger columns in technical use. 

The apparatus (Fig. 130) is heated by a burner, A, with two heating 
rings, which are supplied separately with gas. The still B has its 
1 BuU, Soc, Chinu^ 1887, 48 (2), S04. 
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bottom slightly inclined towards the outlet cock M, and is connected 
with the column C, the analyser D, and the condenser E. The still is 
also provided with a gauge glass, L, and supply tube, N, into which the 
funnel O fits. There is also an electric pressure indicator, K, which 
rings an alarm bell when the pressure exceeds a certain limit ; the 
contact consists of mercury, which also serves as a seal. The column 
C rf:ontains ten plates, H, similar toT those in large distilling columns. 
They are easily cleaned and the copper gauze is easily replaced. The 
projecting inner tube I is supplied thrgugh P with cooling water which 
is led away through Q. The analyser D is provided with observation 
windows and a thermometer, /, and causes the spray or foam which is 
mechanically carried over to flow back into the column. The condenser 
E is of the usual pattern ; F is a tube and hydrometer for determining 
the specific gravity of the distillate, and also for 
taking samples of the liquid from the bottom cock 
before it flows into the receiver G. As the latter 
is filled it raises a float, c, which finally makes elec- 
tric contact and rings a bell, when another receiver 
is placed in position. The apparatus must be 
heated up slowly at first, so that the plates of 
the column may be filled and the cooling water 
regulated ; the heat supply is then gradually in- 
creased until regular distillation commences. 

According to Frank, and also according to 
Kraemer and Spilker,^ tte rectification test is 
carried out by general agreement in a copper 
still of the form and dimensions shown in Fig. 
t kg. of benzol being used, and the vapour 
passed through a Le Bel-Henninger column 6o cm. long. The 
thermometer, the position and diameter of the condenser, and the 
rate of distillation are the same as described on p. 784 ; the distillate 
is, however, collected in tared flasks and weighed. 

Whatever the nature of the apparatus used, the single fractions 
should be collected as follows : — 





For 50 and 90 per cent. Benzol. 
Up to 79° = First runnings. 
79 *" jj 85° = Benzene. 

Sf • „ 10 f = Mixed fraction. 
10 f „ 115° = Toluene. 
Remainder = Xylene. 

For Pure Benzene. 

Up to 79° = First runnings. 
79** „ = Benzene. 

Remainder = Last runnings. 


For Toluene. 

Up to 109° = First runnings. 

109° „ iio'"-5 = Toluene. 
Remainder = Last runnings. 

For Xylene. 

Ep to 135° = First runnings. ^ 
135° » 137' = i^-Xylene. 

^ 37 ° j, 140“ = J^-Xylene. 

140° „ 145° i?-Xylene. 
Remainder = Last runnings. 


^ Loc. cit. 
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Employing this procedure, ordinary commercial benzols give the 


following average figures : — 

90 per cent. Benzol. 

50 per cent. Benzol. 

First runnings 

. i-o per cent 

0*3 per cent 

Benzene 

. 78*8 „ 

iS -3 » 

Middle fraction . P 

. lO-O „ 

47-5 ,, 

Toluene . . .• 

r S-o „ 

237 „ 

Xylene 

2-0 „ 

1 0-0 „ 

Loss on distillation , 

0-2 „ 

O-I „ 


Pure Benzene. 

Toluene. 

First runnings 

. 0*5 per cent 

0-3 per cent 

Benzene 

• 98-0 „ 


Toluene 

• 

97*3 » 

Last runnings 

1-3 „ 

2*2 „ 

Loss on distillation . 

0-3 sj 

0-2 „ 


Xylol 


First runnings 

1*3 

per cent 

/-Xylene 

. . . 15-0 

If 

m-Xyltne 

. 76-5- 

‘ ff 

<?-Xyl,ene 

. . . 5*0 

if 

Last runnings 

2-0 

if 

Loss on distillation . 

. . . 0-2 

if 

The separation of the three xylene isomers : — 


/-Xylene, boiling point 

. . 

138^*5 

jw-Xylene, boiling point 

. 

140° 

^-Xylene, boili*g point 

. 

142° 


cannot, of course, be completely effected by fractional distillation, but 
the test is nevertheless of some assistance in estimating the value 
of a technical xylol, as the three isomers differ in commercial utility. 
According to O. Jacobsen,^ commercial tar xylol consists of 70 to 75 
per cent of ;;2-xylene, 20 to 25 per cent of ^-xylene, and 10 to 15 per 
cent of o-xylene; its composition varies with the nature of the tar, 
from which it is produced. It also contains up to 10 per cent of ethyl- 
benzene,^ and considerable quantities of paraffin-like substances, which 
are not attacked by fuming sulphuric acid. 

Noel ting has given a method of separation, depending upon the fact 
that 0- and m-xylenQ are sulphonated by cold, concentrated sulphuric acid 
and converted into sulphonic acids, the sodium salts of which can be 
separated by their different solubility in water ; /-xylene, on the other 
ha«d, is scarcely attacked by* concentrated sulphuric acid even on 
heating, and is only sulphonated and dissolved by slightly fuming 
;acid. After the latter treatment the admixed paraffins remain behind 
and can be weighed. 

1 Ber ., 1877, 10, 1009; i88r, 14, 2628. 

2 Noelting and Palmer, 1891, 24, 1955. 
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Levinstein 1 has worked out methods for the estimation of the three 
xylenes in commercial xylol, based upon the above reactions and also 
upon the observation that ?«-xylene is scarcely attacked by hot, dilute 
nitric acid, whilst o- and /-xylene are oxidised to the respective toluic 
acids or their nitro-derivatives. In orc^er to estimate the m-xylene, 
100 C.C. of the crude xylol is heated for a half to one hour in a flask on a 
sand-bath with a mixture of 40 c.c. of nitric acid of sp. gr. 1-4 and 
60 c.c. of water. When red fumes cease to be evolved the residual 
hydrocarbon is separated and freed frem toluic acids, either by repeated 
washing with sodium hydroxide solution or by distilling from the latter 
with steam. The hydrocarbon obtained consists of ?«-xylene mixed 
with paraffins. The latter remain undissolved on shaking the mixture 
with one and a half times its volume of concentrated sulphuric acid for 
half an hour, and the diminution in volume gives the m-xylene present. 
To obtain the percentage of /-xylene, 100 c.c. of the crude xylol is 
shak'Sh for half an hour, or until further solution ceases, with 120 c.c. 
of concentrated sulphuric acid (sp. gr. 1-85), keeping the mixture cool. 
Upon allowing to settle, the unaltered hydrocarbons (/-xylene and 
paraffins) rise to the top and are measured. By deducting the volume 
of the paraffins, which is found by heating the mixture with an equal 
volume of fuming sulphuric acid containing 20 per cent, of SO 3 , the 
quantity of /-xylene present is obtained. The percentage of (?-xylene 
is ascertained by difference, or by fractional separation of the (?-xylene 
sodium'sulphonate from the product of sulphonation with ordinary 
sulphuric acid. Levinstein gives the following analyses of a number 
of Scotch and English xylols effected by the above method. 


Sample. 

Origin. 

Sp. Gr. 
at 19% 

Boiling Point. 

Meta- 

Xylene. 

Para- 

Xylene. 

Ortho- 

Xylene. 

Paraffins. 

A. 

Pure m - Xylene from 
English Crude Xylol . 
English (Manchester Tar) 

1 0-8668 

142° to 143° 

Per cent. 
100 

Per cent. 
0 

Per cent. 
0 

Per cent. 

0 

B. 

0*8629 

134° „ 140° 

87 

6 

4 

3 

a 



140° „ 143° 

87 

4 

6 

3 

D. 

9) • • • • 

... 

141° „ 145° 

83 

5 

7 

5 

E. 


0-8660 

138° „ 141° 

79 

3 

15 

3 

F. 

Scotch .... 

0-8674 

134° „ 141° 

72 

8 

12 

8 

G. 

Unknown .... 

... 

139° „ 141° 

70 

5 

15 

10 

H. 

Mixed .... 

0*8605 

134° „ 141° 

81 

10 

3 

6 

1. 

>> • • . • 


136° „ 142° 

86 

6 

4 

4 

J. 

ji * * * * 

0*8^3 

136° „ 141° 

86 

6 

2 

6 

K, 

n .... 

... 

140° „ 141° 

86 

3 

5 

6 

L. 

0*8600 

136° „ 142° 

r 

85 

6 

3 

6 


According to A. Reuter ^ this method is valueless, as contrary to Che 
statements of Noelting, Witt, and Forel,® it gives much too low a result 
for /-xylene. Reuter ^ has himself suggested a method based upon the 

Soc, Chem. Ind., 1884, 3, 77. ® Ihid.^ 1 885, 18, 2068. 

2 Ber.^ 1884, 17, 2028. ^ Chem, 1889, 13, 830, 850, 
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fact that sulphuric acid of slightly more than So per cent strength acts 
upon m-xylene to form a sulphonic acid, but has no action on o- and 
/-xylene ; and that on sulphonating the remaining mixture of o- and 
/-xylene with excess of concentrated sulphuric acid the sulphonic acid 
of /-xylene crystallises out, whilst that of the d?-xylene remains liquid. 

A similar method for the ^determination of ;;^-xylene in commercial 
xylol has been described by Crafts.^ Bornstein and Kleemann ^ separ^ite 
the isomeric xylenes by conversion into the xylidines and by their 
different behaviour with dry si^lphur dioxide. Lastly, Friedel and 
Crafts® have devised a method for the separation of ethyl-benzene 
from ^?-xylene. O. Jacobsen^ has described a method of separation 
of the isomeric trimethylbenzenes, but this is seldom required ; it 
depends upon the different behaviour of their sulphamides towards 
alcohol 

(d) Distinction and Estimation of Coal Tar Benzene in admixture 
with Petroleum Benzine and Similar Products. 

It is frequently necessary to distinguish between the light hydro- 
carbons of coM tar and those from petroleum, lignite, and shales 
(benzoline, petroleum ether, cleaning benzine, petrol, etc.). This can 
usually be done by smell alone, but with more certainty by determining 
the specific gravity, which is never below 0*867 for coal tar benzols, and 
seldom exceeds 0*700 for the other products in question. Their different 
behaviour in the presence of nitro-sulphuric and fuming sulphuric acid 
is also characteristic, ^nd can be employed for the detection and 
quantitative determination of any admixture of coal tar benzol with 
petroleum benzine and similar substances ; a comparative table has 
been given by Allen.^ According to A. Lainer ^ benzol becomes very 
turbid when shaken up with traces of alcohol of not more than 95 per 
cent, strength, whilst benzine remains clear under these conditions, 
Gawalowski^ has pointed out that picric acid is almost insoluble in 
petroleum benzine but dissolves readily in benzene, forming a dark 
yellow solution. Concentrated solutions of picric acid in benzene are 
precipitated when added to petroleum benzine. Holde® utilises the 
behaviour of the two classes of hydrocarbons in the presence of coal tar 
pitch as a test for adulteration of one with the other. He extracts 
powdered pitch completely with high-boiling petroleum, and after 
drying preserves it as a reagent. Enough of this to cover the point of 
ainife is placed on a small filffer and 5 c.c. of the liquid to be tested 
is poured over it. As little as 5 to 10 per cent, of benzene in petroleum 

1 Comptes rend,, 1892, II4, IIIO. ® Chem, News, 1879, 40, loi. 

2 Ber,, 1891, 24, Ref. 486. ® Chem, Revue, 1897, p. 55. 

3 Comptes rend., 1885, lOI, I2l8. Chem. Cenir,, 1897, L, 1038. 

^ Ber,, 1876, 9, 256. ® Fischer^s Jahresher,, 1895, p. 554. 



794 


COAL TAR 


f 

benzine of sp. gn 0*64 to 070 can be detected by the yellow coloration 
of the filtrate. By making comparative tests, the approximate quantity 
of added benzol can be estimated from the intensity of the coloration. 
Inversely, the quantity of petroleum benzine in benzol can be arrived 
at by observing the coloration with pitch, and comparison with that 
given by standard mixtures. J 

^According to E, Valenta/ both^light and heavy coal tar oils are 
completely soluble in dimethyl sulphate, whilst petroleum oils are only 
sparingly soluble or insoluble ; Graefe ^ has made use of this reagent for 
the analytical examination of mixtures of tar oils and mineral oils. 

G. Halphen ^ gives particulars for the estimation of benzene in motor 
spirits (petrol), for which mixtures of benzene and petroleum 
hydrocarbons are now frequently used. The high specific gravity 
of such mixtures (0750 and over) compared with that of petroleum 
spirit (0702 to 0735) at once indicates the presence of benzene. 

^ XJl.e method of Kraemer and Bottcher, which is based upon the 
diminution in volume on shaking the petroleum spirit with a mixture 
of strong sulphuric^acid and fuming sulphuric acid, is inaccurate, owing 
to simultaneous absorption of olefines and polymerisation of certain 
hydrocarbons. In Halphen^s method of separation, the benzene hydro- 
carbons are converted into mononitro-derivatives, which are then 
absorbed by sulphuric acid, and the amount of benzene is calculated 
from the increase in volume of the acid. In preliminary experiments 
it was found that the pure petroleum spirit gave apparent yields of 
benzene in the following proportions : — American petrol, 0*87 ; 
Roumanian, 174 to 3*48 (7 samples); and Russian, 3*04 per cent. 
(5 samples). It was, therefore, necessary to subject the samples to a 
preliminary shaking with an equal volume of sulphuric acid (sp. gr. 
1-84) to remove, before the nitration, the bulk of the hydrocarbons 
capable of absorption by the acid. Ten c.c. of the petroleum spirit 
thus purified are placed in a flask closed with a stopper pierced with 
two holes, through one of which passes the stem of a stoppered funnel 
containing 10 c.c. of fuming nitric acid, whilst a long tube passes 
through the other. The acid is added 4 or $ drops at a time, the flask 
being meanwhile continually shaken and cooled in water, and the 
shaking is subsequently continued for 5 to 7 minutes. After the 
nitration is complete 10 c.c. of water are introduced, little by little, 
through the funnel, whilst the flask is still kept cool, and then 40 c.c. of 
water, which may be added in one volume, and the flask is well shaken 
and cooled, so that ihe nitrous vapours are absorbed. The products 
of the nitration are now transferred to a separating funnel, the flask 

^ Chem, Zeit., 1906 , 30 , 266 ; /, Soc. Chem. Ind., 1906 , 25 , 366 . 

^ Lahoratommsluch fur die BraunhohlenteerindustrUy p. 1 34, 

3 Us Matieres Grasses, 1910 ( 3 ), 1987 ; f Soc. Chem, hid,, 1910 , 29 , 1447 . 
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being rinsed out with lo c.c. of the purified petroleum spirit, and the 
whole shaken for a few seconds and allowed to stand for 30 minutes. 
The aqueous layer and any insoluble oil are then drawn off, and the 
petroleum spirit layer containing the nitro-derivatives in solution is 
transferred to a stoppered graduated cylinder with a capacity of 30 to 
35 C.C., where it is shaken with, 5 c.c. of sulphuric acid (sp. gr. 1*83). The 
cylinder is then allowed to stan'ci for 30 minutes, after which ffie 
increase in volume of the acid is noted This increase, multiplied by 
0*87, gives the volume of benzene^in the quantity of sample taken. 

(e) The Detection and Estimation of Impurities. 

Most of the impurities, especially the hydrocarbons of the fatty 
series, carbon bisulphide, and thiophene, tend to accumulate, on account 
of their low boiling point, in the 90 per cent, benzol, whilst others such 
as indene, cumarone, ethyl benzene, etc., are more frequently found in the 
higher fractions. The following are the chief methods employ e d fer- ’ 
their detection and determination. 

I. Carbon Bisulphide. 

This substance is best detected by the phenylhydrazine method 
of Liebermann and Seyewitz.^ Ten c.c. of the benzol to be 
tested are treated with four to five drops of phenylhydrazine, and 
after repeated shaking, are allowed to stand for one to one and a half 
hours. A crystalline precipitate of the phenylhydrazine salt of^Dhenyl- 
thiocarbazinic acid is formed ; the reaction takes place according to the 
equation : — 

CS^ + zCeH^N^Hg = -- CS - S > 

Even 0*2 per cent, of carbon bisulphide forms a thick magma of crystals, 
and when 0-03 per cent is present the reaction is still quite distinct, 
the smallest detectable amount being about 0-02 per cent The pre- 
cipitation may be conveniently hastened by adding a minute crystal of 
the salt. The test can be made still more delicate by distilling the 
sample and testing the first portions of the distillate, in which the 
carbon bisulphide accumulates. 

E. Votocek and R. PotmesiP test for carbon bisulphide by 
Hofmann’s reaction, the formation of diphenylthiourea according to 
the equation : — 

CSg + zCeHg.NHg = + 

^his reaction occurs rapidly in alkaline solution, and the alkali 
sulphide which is formed, is readily detected by sodium nitroprusside ; 
the test is quickly carried out, not taking longer than fifteen minutes. 

The quantitative determination of carbon bisulphide may also be 
1 CAem . Z?zV., 1895, 19, 958. ^ CAem , Zeit . Rep .^ 1891, 25 [76], 27$. 
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effected by the method of Liebermann and Seyewitz. For this purpose 
the reaction is performed in stoppered graduated lo c.c. cylinders. 
After standing for several hours, the volume occupied by the crystalline 
precipitate is compared with that obtained in similarly treated tubes 
containing standard mixtures of benzene ^nd carbon bisulphide. 

The method is rather slow for ^techrJcal work, and this objection 
also applies to the ammonium thiocyanate method of Holland and 
Phillips,^ and to the very exact method of Goldberg.^ Frank’s method, 
which depends on A. W. Hofmann’s^ xanthate reaction and the 
volumetric determination of the carbon bisulphide as insoluble copper 
xanthate, is in most general use. The reaction takes place according to 
the equation : — 

/SK 

CSo + C.H.OH + KOH = CS< + Hp. 

l^e estimation is carried out as follows: — Fifty grams of the 
benzol to be tested is well mixed with 50 g. of alcoholic potassium 
hydroxide solution (ii g. of potassium hydroxide in 90 g. of absolute 
alcohol) and allowed to stand for some hours at the ordinary tempera- 
ture. The whole is then shaken up with about 100 c.c. of water, 
the aqueous layer separated from the benzene, the latter again washed 
several times with water, and the washings added to the aqueous 
solution containing the xanthate. This solution, or an aliquot portion, 
is then titrated with a solution containing 12-475 g. of copper sulphate 
crystals per litre, which corresponds to 0-0076 g* of CSg per cubic centi- 
metre. For this purpose, it is neutralised with acetic acid and the 
copper solution added until a drop of the solution placed on filter 
paper next to a drop of potassium ferrocyanide solution forms at the 
point of contact a reddish brown zone of copper ferrocyanide. The 
end-point is also plainly indicated by the coagulation of the copper 
xanthate, which at first is finely divided. The above quantity of 
alcoholic potassium hydroxide solution is sufficient if less than 5 per 
cent, of carbon bisulphide is present, this being the case with 90 per 
cent, and 50 per cent benzols, which contain on the average from 0*2 
to i-o per cent, and from o-o to 0-5 per cent respectively. Benzol first 
runnings, on the other hand, often contain considerably more than 5 
per cent of carbon bisulphide, in which case the quantity of benzol used 
must be reduced or more alcoholic potash employed. Higher boiling 
benzols do not contain the bisulphide. ^ r. 

If the amount of total sulphur only is required, without regard to 

^ J. Soc, Chem^ Ind,^ 1884, 3, 296. ^ Z, angew. Chem.^ 1899, 12, 75, 

3 Ber., 1880, 13, 1733 ; cf, also Nickels, Chem.News, 1881, 43, 148 ; Biehringer, Dingh polyt, 

1890, 276, 78; /. Gasbeleucht, 1890, 33, 341 ; Schmitz-Duraont, Chem, Zeit, 1897, 21, 487, 
510 ; Frank, Chem. fnd.^ 1901, 24, 262. 
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the form in which it is present, the methods used in the mineral oil 
industry may be employed. Irwin ^ has suggested a special method 
for this determination. 


2, Thiophene. 

A characteristic reaction for the detection of thiophene in benzol is 
the coloration produced by isatin and sulphuric acid, first observed T)y 
Laubenheimer. In the case of thiophene this is a beautiful blue ( Indo- 
phenine’’), in the case of thiotole^e it is blue with a reddish tinge, and 
with thioxene, reddish violet. The reaction 

CgH^NO^ + C^H.S = C^sH^NOS + Ufi 

is carried out as follows : — Several cubic centimetres of pure sulphuric 
acid are poured over a few pieces of isatin and placed in a shallow 
porcelain dish, which has previously been rinsed out with pure sulphuric 
acid. A layer of benzol is then poured over the acid, covered 
watch-glass, and allowed to stand. If the benzol is pure, no blue rings 
will form round the isatin within an hour. Further particulars of this 
test are given bj^ F. W. Bauer,^ Storch,^ and Liebermann and Pens.^ 

Liebermann ® recommends nitroso-sulphuric acid or amyl nitrite and 
sulphuric acid as a sensitive reagent for thiophene. A suitable reagent 
can be prepared by stirring 8 per cent, of sodium nitrite into pure 
concentrated sulphuric acid, and allowing it to stand in an open vessel 
until it has absorbed 6 to 7 per cent, of moisture, and the greyer part 
of the acid sodium sulphate has crystallised out. To test a benzol for 
thiophene, two or three drops of this reagent are put into a test tube, 
and I c.c. of benzol poured on to the top, and shaken up. The acid, 
as it creeps up the side of the test tube, at first becomes brown only, 
but in the presence of thiophene it presently becomes green, and finally 
a beautiful blue. If a very large quantity of thiophene be present, the 
reaction is instantaneous ; with 2 to 3 per cent, it takes some minutes, 
and with very small quantities about a quarter of an hour. According 
to Schwalbe,^ the reaction fails in the case of many coke-oven benzols ; 
but Liebermann and Pens obtained the reaction in such products after 
allowing the test to stand for about three hours. In such extreme 
cases the reaction may be made more delicate by decanting off the 
benzol after the lapse of this time, and adding to the sulphuric acid 
remaining in the test tube several times its volume of pure concentrated 
sulphuric acid ; a blue solution ^s then usually obtained. 

’^In order to estimate the quantity of thiophene ip. commercial benzol, 
Denig^s^ recommends the use of a solution of mercuric sulphate 

^ /. Soc. Chem, Ind.^ 1901, 20, 440. ^ Ihid,^ 1904, 37, 2461. 

2 Ber,^ 1904, 37, 1244, 3128, ® Ibid,^ 1887, 20, 3231. 

3 Ihid,^ 1904, 37, 1961, ® Ibid., 1904, 37, 324. 

7 Comptes rend,^ 1895, 120, 628, 781, 
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containing free sulphuric acid. This yields with thiophene a pre- 
cipitate, (HgS04.Hg0)2-|-QH^S-f H2O, insoluble in water and other 
ordinary solvents, from which thiophene is again liberated on warm- 
ing with dilute hydrochloric acid or hydrogen sulphide. The test 
is carried out as follows Twenty c,c. of the mercury solution 
(prepared from 50 g. of mercuric oxide, 200 c.c. of concentrated sulphuric 
acid, and i litre of water) are added to 2 c.c. of the benzol, contained in 
a 60 C.C. flask provided with an air-tight stopper, and the mixture is 
warmed, with occasional shaking, for e. quarter of an hour in a boiling 
water-bath. After cooling, the precipitate is filtered off on a tared 
filter, washed with hot water, and dried at 110° to 115°. The weight 
of thiophene is found by multiplying the weight of the precipitate by 
0-0758. The mercury solution may also be treated with three times 
its volume of methyl alcohol, free from acetone, before adding the benzol. 
In this way complete solution of the benzol is obtained, and the pre- 
'SljjTation is effected without warming, and very quickly ; but it should 
be observed that in this case the mercury salt must be present 
in large excess, ^)r otherwise a compound having the composition 
SO,(HgO)2.Hg.QH4S is formed. 

The latter compound also may, under suitable conditions, be used 
for the determination of thiophene, as in the following volumetric 
method of Deniges.^ This is conducted as follows ; — Two c.c. of 
benzol are mixed with 30 c.c. of methyl alcohol, free from acetone, 
and qiifckly treated with 10 c.c. of a solution prepared from 50 g. of 
red mercuric oxide dissolved in 200 c.c. of sulphuric acid and 1000 
ac. of water, vigorously shaken up, and allowed to stand for twenty- 
four hours. After filtering off the resulting compound, 

/Hg-0. 

so/ \Hg.SC4H4, 

\Hg— 0/ 


21 c.c. of the filtrate, corresponding to i c.c. of benzol, are mixed in a 
litre flask with 350 c.c. of water, 15 c.c. of ammonia solution, 10 c.c, of 
N/10 potassium cyanide solution (standardised with JV/io silver nitrate 
solution), and five to six drops of a 20 per cent, solution of potassium 
iodide After clearing the liquid, if necessary, by warming, it is titrated 
with NJio silver nitrate solution till a permanent turbidity results. If 
n is the number of cubic centimetres of A710 silver nitrate solution 
required, then the quantity of thiophene contained in i litre of benzol 
is («- o -3) x 2-8 g. * ^ 

Subsequently Dimroth^ found that thiophene combines with 
mercuric acetate, and stated that the reaction is suitable for its quanti- 
tative estimation. Schwalbe s examined both these methods of estima- 


^ BulL Soc, Chim.^ 


1896, IS [3], 1064; Ber ,^ 1896, 29, 1170. 
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tion by means of mercury compounds, and found that even absolutely 
thiophene-free benzene gives precipitates with mercuric salts, and, 
therefore, regards both methods as inaccurate. He then studied the 
qualitative indophenine reaction, and worked it out as a quantitative 
colorimetric method. Differences of o-02 per cent, of thiophene can be 
easily recognised, 0-05 per ce^it. being the minimum and 0*5 per cent 
the maximum quantity for which the method is available. Tbe 
percentage of thiophene in pure and in commercial benzene is within 
these limits. 

To carry out the test a number of standard solutions are required, 
which are prepared from benzene free from thiophene, and from absolutely 
pure thiophene. The following concentrations are adequate : — 0*5, 0*25, 
o-i, 0*075, 0-05, 0*025 and 0*01 per cent A solution of 0*5 g. of isatin 
in 1000 g. of pure, concentrated sulphuric acid is also prepared ; this 
solution will keep for months. Two portions, each of 25 c.c., of the 
isatin sulphuric acid reagent are introduced into two 100 c.c. 
by means of a pipette, 25 c.c. of pure, concentrated sulphuric acid 
added to each, and then to one of them, i c.c.^ of the benzene- 
thiophene test solution, and to the other, i c.c. of the benzene to be 
tested. The flasks are stoppered, shaken well for five minutes, allowed 
to settle, and the resulting colorations compared against a white back- 
ground. If the percentage of thiophene is not below 0*05 per cent., the 
first coloration is in all cases olive-green to bluish green. The smaller 
the content of thiophene, the more gradual is the appearance^of the 
coloration, and the more green the shade of colour. An interval of 
fifteen minutes is sufficient for the comparison of the results. If a 
commercial benzene is to be tested, a commencement is made with the 
0*5 per cent, test solution, and then with the more dilute test solutions 
in turn. In the case of pure benzenes, it is sufficient to test downwards 
from 0*25 per cent, or from o*i per cent. It is somewhat remarkable 
that the test, if carried out in a stoppered flask as described above, gives 
absolutely no recognisable green coloration when the thiophene content 
is 0*025 per cent, but only a faint grey discoloration of the yellow solu- 
tion of the isatin reagent If, however, the reaction is carried out in a 
porcelain basin, a green coloration, soon followed by blue, is obtained 
without difficulty with this proportion of thiophene. By employing a 
basin and comparing with test solutions of 0*025 and o*oi per cent of 
thiophene, very small proportions of thiophene can be estimated. 

3, Paraffin Hydrocarbons (and Naphthenes). 

The nitration method, formerly usual for the determination of the 
paraffins,^ has since been abandoned on account of its inherent errors. 
The paraffins are now determined by converting the benzene hydro- 

^ Cy* Lunge, Coal Tar and Ammonia^ p. 765. 
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carbons into soluble sulphonic acids. All substances which are neither 
destroyed nor sulphonated by fuming sulphuric acid remain in the 
residue, which, therefore, also includes the naphthenes and carbon 
bisulphide; the latter is determined by the method described above 
and its amount deducted. 

According to Kraemer and Spilker,^^this estimation is carried out 
a^ follows: — Two hundred grams 'of the sample are treated in a 
capacious separating funnel with 500 g. of fuming sulphuric acid con- 
taining 20 per cent, of anhydride, and shaken for a quarter of an hour, 
avoiding undue heating; the whole is then allowed to stand for two 
hours. The layer of sulphuric acid is drawn off, and the operation 
repeated twice with the same quantities of fuming acid. After treat- 
ment with 1500 g. of acid as above, everything except the paraffins, 
carbon bisulphide, and naphthenes has usually dissolved. The oil 
remaining in the funnel is collected, and the whole of the acid used 
js _nniirfirl with shaking, upon an equal weight of chopped ice 
contained in a 3 litre flask, taking care that the temperature does 
not rise above 40 ^, The solution is then boiled over a naked flame, 
and the free hydrocarbons present are distilled off an^ collected in a 
100 c.c. separating funnel, the distillation being continued until 50 c.c. 
of water have passed over after the oil. In this manner all the oil 
dissolved by the sulphonic acids or mechanically mixed with the liquid 
is recovered and, after the water has been drawn off, is added to the 
main quantity. The whole of the oil is then again repeatedly shaken 
with 30 g. of fuming sulphuric acid containing ^o per cent, of SO3, until 
no further reduction in volume takes place, after which it is finally 
washed with a small quantity of water. The weight of oil obtained, 
divided by 2, gives the percentage of paraffins in the sample. This is 
scarcely more than i per cent, in the case of 90 per cent, 50 per cent, 
and o per cent benzols ; toluol usually contains none ; xylol, on the 
contrary, often contains up to 3 per cent of paraffins. 

4. Resinifiable Compounds (Cumarone, Indene, etc.), and Un- 
saturated Compounds (Hydrocarbons of the Ethylene and 
Acetylene Series). 

J. Kent Smith - has proposed a colorimetric method for judging of 
the amount of impurities removed on shaking up a sample with sul- 
phuric acid, which depends upon a comparison of the depth of coloration 
with certain brown, inorganic solutions qf different concentrations. This 
process does not allow of any conclusion as to the quantity of non- 
nitratable substances. 

Kraemer and Spilker state that the following similar colorimetric 

^ Muspratt, Handhich der technischen Chemie^ 4th ed., vol. 8, p. 43. 

Soc. Cliem. Ind,^ 1899, 18, 212, 
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methoH is often used for testing the behaviour of commercial 
benzols with concentrated sulphuric acid : — Five c.c. of concentrated 
sulphuric acid are placed in a 15 c.c. stoppered bottle together 
with 5 c.c. of the sample, vigorously shaken for five minutes, and after 
being allowed to stand for two minutes the liquid is compared with 5 c.c. 
of a solution of potassium bichfomate in pure 50 per cent, sulphuric acid, 
which is placed in a similar bottle, and covered with 5 c.c. of the pur^t 
benzene. Commercial benzols of 50 per cent, and 90 per cent qualities 
should show by this test the colour of a solution of from 0-5 to at most 
2* 5 g. of bichromate per litre of 50 p*er cent, sulphuric acid. Xylene should 
show the same colour as a solution of from 1*0 to 2*0 g. bichromate per 
litre of acid; commercial, pure benzene and toluene should, on the 
contrary, not discolour the acid at all. The colour of the standard 
solutions will last for some time, but the pure benzene must be added 
separately every time a comparison is made. 

In aniline colour works a commonly used method of estimatingjjjj^ 
loss on purification of commercial benzols when treated with sulphuric 
acid, is to shake 1000 g. of the benzol or toluol vigorously in a capacious 
separating funnel, for half an hour, together with 125 g. of sulphuric 
acid of sp. gr. 1*842, and then allow the mixture to stand. After the 
two layers have separated the acid is drawn off carefully, and the benzol 
washed several times in succession with 200 c.c. of water, and finally 
with dilute sodium hydroxide solution of a maximum strength of sp. 
gr. 1*04 to 1*07. Usually this treatment suffices, and it is only in the 
case of very bad benzols that it has to be repeated a second or even a 
third time, in which event only 50 g. of sulphuric acid are used for the 
last treatment. The need for further washing is ascertained by means 
of the test with bromine water (cf. infra), the benzol used for the test 
being again added to the main portion. The washed benzol is then 
dried with a few pieces of fused calcium chloride, and weighed. The 
loss in weight represents the loss on purification. 

A measure of the quantity of unsaturated compounds (hydrocarbons 
of the ethylene and acetylene series, etc.) present in a crude benzol is 
afforded by titration with bromine. The bromine water formerly used 
for this purpose is best replaced by a solution of potassium bromide 
and bromate, which on addition of sulphuric acid, sets free 8*o g. of 
bromine per litre. The test is carried out by Frank in the following 
manner : — Five c.c. of the sample are added to 10 c.c. of dilute 
sulphuric acid (i : 5), contained in a 50 c.c. bottle provided with 
a gtass stopper, and N\io bromide-bromate solution, containing 
9*9167 g. KBr + 2*7833 g, KBrOg per litre, is added from a burette until, 
after five minutes shaking, bromine still remains. The titration is 
finished when the floating oil remains orange-red in colour after stand- 
ing for fifteen minutes, and when one drop gives a dark blue coloration 
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with freshly prepared potassium iodide-starch paper. The quantity of 
bromine used (i c.c. = o*oo8 g, Br) should be given as such. To obtain 
accurate results, a preliminary determination is first made, and then 
two exact estimations, the mean of which is taken. Pure benzene 
and pure toluene should show a marked bromine reaction after the 
addition of o-i c.c. of the bromine solution, whilst 90 and 50 per cent, 
tx^nzols will decolorise, on an average, o-6 c.c. of the reagent, but seldom 
more than i c.c. Commercial xylene absorbs 2 per cent, of bromine in 
a few minutes, and considerably more^on standing for some time. 


II.— NAPHTHALENE 

Naphthalene comes on the market in various grades, differing in 
appearance and quality according to the purpose for which it is to be 
used. Pressed or filtered crude naphthalene is used, as a raw material, 
jnlhe manufacture of lamp black, also for preserving raw hides, and, more 
recently, for driving explosion motors. The pure, distilled product is 
employed in the ^rm of cakes or in a powdered form in the aniline 
colour industry, sublimed naphthalene for fumigating purposes, and 
compressed into tablets, candles, or balls, it is used as a household 
disinfectant and for the disinfection of urinals, etc. 

The examination of crude naphthalene has been described under 
the heading “ Middle Oil (p. 772). 

The aniline dye industry requires a chemically pure naphthalene 
which volatilises without residue, melts at exactly 79'"*6 to 79°-8, and boils 
at 217"’ to 218°; it must be as odourless as possible, and dissolve in 
petroleum benzine to a water-clear liquid which must be perfectly 
colourless. The monosulphonic acid produced by sulphonation must 
not show any grey tinge, and its sodium salt must be snow-white 
in colour. Naphthalene only fulfils these requirements when it does 
not turn yellow in colour on exposure to air and light, and when it shows 
a faint rose tint only when dissolved in perfectly clear, pure, concen- 
trated sulphuric acid. In order to test the stability of its colour on 
exposure to air and light, the naphthalene is placed on a watch-glass 
over pure, concentrated, non-fuming nitric acid, the whole being 
covered with a bell-jar. Under these conditions it should remain 
colourless for at least one to two hours; after. several hours even the 
purest naphthalene becomes yellowish on the surface owing to the 
formation of nitro-compounds. If not ;[:horoughIy purified, naphthalene 
contains slight traces of phenols which are detected by extracting^With 
sodium hydroxide, acidifying the solution with hydrochloric acid, and 
adding bromine water, when tribromphenols are formed {cf. Examination 
of carbolic acid). Basic compounds are seldom found in naphthalene ; 
they can be detected by their characteristic smell after extracting with 
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concentrated sulphuric acid, adding sodium hydroxide in excess to the 
filtrate, and distilling in a current of steam. 

The temperature of solidification has been adopted, by agreement, 
as the melting point of pure naphthalene, and is determined by ShukofTs 
method.^ The method is ve^ accurate, and the results obtained by 
different observers hardly diffhr by ShukofiPs apparatus consists 

of a double-walled vacuum jacketed glass vessel, inside which a 
thermometer graduated in -jV suspended by means of a "bored 
cork. The vessel is filled with melted naphthalene, which is, heated a 
few degrees above its melting point, and the thermometer placed -in 
position, when it is at once covered with a layer of solid naphthalene. 
The thermometer rises, and finally shows the temperature of the ' 
fused naphthalene. After waiting until the thermometer indicates 
about 3° above the approximate melting point, the vessel is shaken 
until its contents are turbid. The vessel is then allowed to stand, while 
the thermometer is continually observed until the temperature remaT^' 
constant. The true melting or solidifying point is the temperature at 
which the mercury thread remains stationary for at least five 
minutes. 

A. H. White and S. Ball 2 estimate naphthalene in tar by weighing 
about I g. of tar into a 50 c.c. Erlenmeyer flask which is provided with 
a double bored cork, one perforation serving as an air inlet while the 
other carries a U“t^be. The first two-thirds of this tube is filled with 
quicklime and the remaining space with glass wool and phosphorus 
pentoxide. The entire .^apparatus is contained in an air-bath at a 
temperature of 70° to 80°. The outlet of the JJ-tube is connected, 
outside the air-bath, by means of a short piece of rubber tubing, with 
a weighed, second U-tube immersed in ice water. A current of air is 
drawn through the apparatus by an aspirator at a velocity of 2 litres 
per hour, which causes the naphthalene to volatilise and to deposit in 
the cooled U-tube. The operation is continued until the second U-tube 
no longer shows an increase in weight. The method is stated to be 
sufficiently accurate for ordinary purposes, although the naphthalene 
deposited is not quite pure. 

Naphthalene can almost always be detected in technical products by 
its great volatility at low temperatures, and by its characteristic smell. 
Vohl has suggested a test depending on the red coloration which 
its nitro-compound, obtained by the action of fuming nitric acid, 
yiel(^ when boiled with alkali* sulphides ; this test is, however, not 
reliable. 

"According to Kuster,^ naphthalene can be quantitatively estimated 
in the form of its picric acid compound, CioHs+CgH2(N02)30H. The 
1 Chem, Zeit, 1901, 25 , nil. Gas Lighting, 1904, 88, 262 and 323. 

Ber,, 1894, 27 , lioi. 
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determination can be carried out volumetrically by using an excess 
of aqueous picric acid solution and titrating back. Other substances 
which form picrates, such, for instance, as a number of the aromatic 
hydrocarbons, must, of course, be absent. 

A method for the detection of colophonium in naphthalene has been 

described by Hodurek.’- * 

* 

III.— ANTHRACENE 

Anthracene is never met with commercially as a pure compound 
but only as a crude product of varying degrees of purity. A distinction 
is made between an '' A ” and a “ B ” quality. The former is usually of 
higher percentage and contains less paraffin and methyl anthracene 
than the “B’’ quality, which latter is mainly derived from gas tar 
partially produced from cannel coal and other coals, which yield 
_^^g^j^ucts of the paraffin series. 

Zeidler‘^ and others who have investigated crude commercial 
anthracene have ^isolated the following substances : — Acenaphthene, 
fluorene, phenanthrene, carbazol, anthracene, acridine, fluoranthene, 
pseudo-phenanthrene, pyrene, methylanthracene, chrysene, para- 
chrysene, (picene ?), phenylnaphthylcarbazol (chrysogene ?) ; naphtha- 
lene and solid paraffins are also present. 

The technical analysis of crude anthracene only deals with the 
content of pure anthracene and with the presence of injurious 
impurities such as methylanthracene, paraffin, etc. 

(a) Sampling. 

The sampling should be carefully performed under the general 
conditions described in Vol. L, pp. 7-17. The barrels containing 
anthracene are bored at each end and often on two sides, and a sample 
taken from each hole with a Gawalowski or Angerstein auger (Vol L, 
p. 13); the united samples are then well mixed in a large mortar and 
passed through a sieve. Three samples are taken from this mixture 
and sealed, one for the buyer, one for the vendor, and a third as a 
control in case of dispute. 

(b) Analysis. 

The anthracene in technical products is exclusively determined 
as anthraquinone according to the^ method worked out by E. 
Luck 3 in the laboratory of the Farbwerke vorm, Meister Lucius*^und 
Briining. Earlier methods of analysis are the alcohol method, Perkins 
petroleum, and carbon bisulphide method, Cohn’s carbon bisulphide 

^ 0 ester* Client* Zeit,^ 1 902, p. 555 * ^ Annakn, 1878, 191, 285, 

® Z. anal* Chem.^ 1877, 16, 81, 
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method, and various modifications of the latter. The decisive 
comparisons conducted by F. H. Davis and Lucas showed that all 
these methods are valueless for technical purposes. 

Luck’s method, which is also termed the ‘‘ Hochst Anthracene test,” 
is conducted as follows: — One gram of the sample is weighed into a 
500 c.c. flask, 45 C.C. of glacial ac^etic acid is added, and the flask connected 
by means of a good cork to a condensing tube about 75 cm. long. To 
the upper end of this is fixed, by means of two rubber rings, a test tube 
of about 50 c.c. capacity which contains a solution of 1 5 g. of chromic" 
acid crystals dissolved in 10 c.c. of glacial acetic acid and 10 c.c. of 
water. The contents of the flask are heated over a sand-bath till they 
boil gently. The chromic acid solution is then allowed to flow through 
a small capillary syphon into the boiling contents of the flask at such 
a rate that it is all just added in two hours. A small dropping-funnel 
may be used instead of the syphon, but the latter is safer and needs no 
subsequent regulation when once adjusted. After all the chromic auLu^ 
solution has been added, the contents of the flask are allowed to boil 
for another tv/o hours, taking care that no vap(5ur escapes from 
the condenser. « After standing for twelve hours, 400 c.c. of 
water are added, which causes the anthraquinone to separate com- 
pletely. This is filtered off, washed with cold, distilled water, then 
with weakly alkaline, boiling water, till the filtrate remains clear on 
acidifying, and finally with pure, boiling water until the filtrate is no 
longer alkaline. The filter is then carefully removed from the funnel, 
spread out upon a clearh glass plate, and its contents rinsetl into a 
small, flat, tared, porcelain dish, and dried at 100° until the weight 
remains constant; the weight of crude anthraquinone is thus found. 
Ten grams of slightly fuming sulphuric acid are now added to the 
anthraquinone in the dish, heated for ten minutes on an air-bath to 
112°, then allowed to stand in a damp place for twelve hours to absorb 
water, and rinsed into a 300-400 c.c. basin with 200 c.c. of water. After 
cooling, the precipitate is filtered off, washed as above with cold water, 
boiling, weakly alkaline water, and lastly with plain hot water, rinsed 
into a small porcelain dish and dried at 100° to constant weight. The 
dish is then heated over a sand-bath until all the anthraquinone has 
volatilised, allowed to cool in a desiccator, and again weighed. The 
difference between these two last weighings gives the weight of pure 
anthraquinone, which, when multiplied by 0-8558, gives the weight of 
anthracene. A correction for the^anthraquinone ^ remaining in solution 
in the glacial acetic acid is not required, as this error is compensated by 
others resulting from the methylanthracene and paraffin in the crude 
anthracene, and the resulting presence of anthracene carboxylic acid in 
the final product 

^ Holland, printed circular, dated Manchester, February 1879. 
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The following table of equivalent weights of anthraquinone and 
anthracene has been drawn up by Lunge : — 


Aiithra- 

Anthracene. 

1 Anthra- 
quinone. 

Anthracene. 

Anthra- 

quinone. 

Anthracene. 

1 

0'86 

35 

29*9^ 

68 

58-21 

2 

1*71 

36 

' 30*81 

69 

59*06 

3 

2*56 

37 

31*66 

70 

59-91 

4 

3-42 

38 

32*53 

71 

60-77 

5 

4-28 

39 

33*38 

72 

61*62 

6 

5-14 

40 

34-23 

73 

62-47 

7 

5-99 

41 

35*09 

74 

63-33 

8 

6*86 

42 

35*94 

75 

64-19 

9 

7*71 

43 

36*79 

76 

65*05 

10 

8*56 

44 

37*65 

77 

65*90 

11 

9*42 

45 

38*61 

78 

66-77 

12 

10-27 

46 

39-37 

79 

67*62 

13 

11*16 

47 

40-22 

80 

68-46 

14 

11*98 

48 

41*09 

81 

69-32 

15 

12*84 

49 

41*94 

82 

70-17 

16 

13*70 

50 

42*79 

83 

71-02 

17 

14*55 

51 

43*65 

84 

71-88 

18 

15*42 

52 

44*50 

85 

72-74 

19 ' 

16*27 

53 

45*35 

86 

73-60 

20 

17*12 

54 

46*21 

87 

74-45 

21 

17*98 

55 

47*07 

88 

* 75-32 

22 

18*83 

56 

47*93 

89 

76-17 

23 

19*68 

57 

48*78 

90 

77-02 

24 

20*54 

58 

49*65 

91 

77 - S 8 

25 

21*40 

59 ! 

50*50 

92 

78-73 

26 

22*26 

60 

51*35 

93 

79-58 

27 

23*11 

61 ' 

52*21 

94 

80-44 

28 

23*98 

62 

53*06 

95 

81-30 

29 

24*83 

63 

53*91 

96 

82-16 

30 

25*67 

64 

54*77 

97 

83-01 

31 

26*53 

65 

55*63 

98 

83-87 

32 

27*38 

66 

56*49 

99 

84-73 

33 

34 

28*23 

29*09 

67 

57*34 

■ 100 

85-58 


According to Basset,^ the anthraquinone produced as above contains 
certain impurities, causing the results of the analysis to be slightly too 
high. To remove these impurities he proposes to boil the anthra- 
quinone with chromic acid solution and nitric acid, whereby there is a 
loss of I to 2 per cent., leaving chemically pure anthraquinone. He 
subsequently found ^ that the result of the analysis is influenced by 
the purity of the glacial acetic acid used. A sample of acetic acid 
melting at i6°7 itself reduced o-i6 g. of chromic acid out of 15 g. in 
twenty-four days in the cold, whilst another sample melting at I3°*3 
reduced 0-87 g. After boiling for firur hours under the conditions 
observed during air anthracene determination, the purer quality reduced 
4*44 out of I S g. of chromic acid, and the more impure quality 6*45 g. 
The results of these experiments point to the following sources of 
error: — If acetic acid of inferior quality be used the results will be 
i Chem^ News, 1896, 73, 178. 2 
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too high, and if the stock of chromic acid solution be kept too long it 
will lose strength by reduction, leading to a similar error in the final 
result of the analysis. In this connection it may be noted that 
commercial glacial acetic acid usually contains small quantities of 
glyoxylic acid. 

C. Nicol ^ determines the anthracene in coal tar directly as follows : — 
Twenty grams of the tar are distilled from a retort and the vapoiiTs 
passed into a U"‘t^be, which is heated to 200° in a paraffin bath. By 
this means all ingredients of low l^oiling point are volatilised whilst the 
anthracene and its accompanying impurities remain in the U-'^ube. 
As a part of the anthracene remains in the neck of the retort, this is 
cut off, powdered, and added to the contents of the U>tube. These 
are then dissolved in glacial acetic acid, and the anthracene determined 
by Luck^s method. This procedure, however, never gives reliable results, 
as it is not possible to stop the distillation exactly as is done on a large 
scale, and thus to avoid decomposition of the pitch. 

(c) Detection and Estimation of the Impurities present in 
"" Commercial Anthracenes. 

Methylanthrace 7 ze is an objectionable impurity of crude anthracene, 
as it exercises a bad effect upon the shade of the alizarin produced ; 
anthracene which has been distilled from cannel coal tar or from 
coal tar pitch is especially liable to contain this impurity. .JVhen 
present, the anthraquinone obtained on analysis does not show the 
usual characteristic needles, but appears in a more felted condition. 
Schultz and Japp,^ who were the first to discover methylanthracene in 
crude anthracene, described a method for its separation, which depends 
upon the previous oxidation of the anthracene by bichromate and 
sulphuric acid, and the subsequent distillation of the residue and 
treatment of the distillate with alcohol. Phenanthrene first crystallises 
out from the alcoholic solution, and the methylanthracene can be 
obtained from the mother liquor. According to A. G. Perkin,^ the best 
method of determining the value of an anthracene containing meth3d- 
anthracene, in doubtful cases, is its conversion into alizarin. 

Phenanthrene is an important constituent of crude anthracene. 
Kraemer and Spilker give the following method for its estimation, 
which, however, only gives satisfactory results when it is present in 
large quantity One kilogram ©f crude anthracene is dissolved in 
2 kilos of toluene, and allowed to crystallise for about six hours at the 
ordinary temperature, with frequent stirring. The anthracene and 
carbazol, which crystallise out, are separated by filtration on the pump 

1 Z anal Chem,, 1876, 15, 318. 2 

^ J, Soc, Dyers ajid CoU 1897, p. 8l ; /. Soc, Chem. Did,, 1897, 16, 563. 
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and washed with 200 c.c. of toluene. After removing the toluene from 
the combined filtrate and washings by distillation, the residue is 
fractionally distilled, the portion distilling over between 280° and 340° 

being crude phenanthrene. This is used for the estimation as follows : 

Twenty grams are boiled for half an hour with 30 g, of picric acid 
in 300 c.c. of dry xylene in a flask wi^ a reflux condenser. After 
landing for twenty-four hours with frequent shaking, the crude 
phenanthrene picrate is filtered on the pump, dried, and weighed. The 
'mother liquor is diluted with 50 c.c.^of xylene, and a further 20 g. of 
crude phenanthrene together with 30 g. of picric acid dissolved in it. 
The difference between the quantity of crude picrate now obtained 
and that of the first crystallisation gives the amount dissolved in 
250 c.c. of cold xylene. From the solubility so obtained, and the 
weight of the two crystallisations, the united amount of crude picrate 
derived from 40 g. of crude phenanthrene is ascertained. An aliquot 
p«»rt of this is now crystallised from 95 per cent, alcohol. The pure 
picrate, which forms brilliant yellowish red needles, is weighed and to its 
weight is added^an allowance for that remaining in solution in the 
alcohol (20 g. in 750 g. of 95 per cent, alcohol). Onerhundred parts of 
pure picrate correspond to 437 parts of pure phenanthrene. If the 
phenanthrene be very impure, 30 g. of the sample and 45 g. of picric 
acid are used each time. The quantity of xylene added after the first 
crystallisation is, in this case, increased from $0 to 200 c.c. The differ- 
ence ii weight of the two crystallisations then represents the solubility 
of the crude picrate in 100 cx. of xylene. The^^picrate which is obtained 
is tested for purity by decomposing it with ammonia and weighing the 
hydrocarbon, after removing any acridine which may be present by 
washing with dilute sulphuric acid. 

According to H. Behrens,^ phenanthrene is easily detected in crude 
anthracene by extracting with benzene, evaporating the extract, and 
treating the latter with a solution of a-dinitrophenanthraquinone in 
nitrobenzene. 

Carbazol and Phe^iylnaphthylcarhazoL — These substances exercise, 
like methylanthracene, an unfavourable influence on the purification of 
the anthraquinone. According to H. Behrens, 2 carbazol is easily 
detected by extracting with ethyl acetate in the cold, evaporating the 
solvent on a watch-glass, and warming with a few drops of nitrobenzene 
and phenanthraquinone ; characteristic, narrow plates of a coppery lustre 
are thus obtained. o 

Carbazol, which has risen in importance commercially, especially as 
a raw material for the manufacture of potassium cyanide and ferro- 
cyanide,® is usually determined quantitatively, according to Kraemer 

^ ^ Rec. trav. Chim., 1902, 21, 252 ; /. Soc. Chem. Ind., 1902, 21, 1250 

- Rec. irav. Chm., 1902, 21, 252 ; CAem. Cenir., 1902. ii, 540. 3 c^r. Pat. 81237. 
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and Spilker, by either of the two following methods. In the first of 
these the bases are previously extracted from the sample with warm, 
dilute sulphuric acid, and the nitrogen determined in the residue by 
Kjeldahl’s method ; from this the amount of carbazol is calculated. . 
The second method depends oh the fact, observed by Kraemer and 
Spilker, that carbazol is converted into its potassium derivative by the 
action of potassium hydroxide ^ 220° to 240^ The estimation<^'s 
carried out as follows: — Forty grams of 80 to 85 per cent potassium 
hydroxide are melted in a steel crucible of 80 c.c. capacity of the form 
shown in Fig. 132, the thick wall of which contains a cavity for the 
reception of a thermometer. The temperature is then kept at 180° to 
200° whilst 20 g. of the crude carbazol or 
crude anthracene are stirred in. The lid is 
then placed on the crucible, the temperature 
kept at 220° to 230° for an hour, with frequent 
shaking, the lid removed, any sublimate re- 
turned to the crucible, and the anthracene 
and other associated compounds driven off 
at a temperature not exceeding 240°. Two 
hours suffice for this purpose in the case 
of carbazol of a high degree of purity, 
and too much heating is to be avoided. After allowing to cool, the 
melt is ground up with hot water, made distinctly acid with dilute 
sulphuric acid, the carbazol collected on a filter, washed,^ dried, 
and weighed. The product is usually dark coloured and must be 
purified with toluene, of which 600 to 800 c.c. should be used for 
carbazols of high percentage. The boiling toluene solution is passed 
through a folded filter which is afterwards washed with a small, measured 
quantity of toluene. The solution is usually brown, and on standing 
at 14° to 18° for twelve hours deposits a portion of the carbazol in 
crystals, which are filtered off on the pump, dried, and weighed. The 
filtrate is measured at 17° and the amount of carbazol in solution 
calculated according to the solubility table prepared by Becchis,^ as o-48g* 
per 100 c.c. A further allowance for loss of 0-5 g. must be added to 
the final weight of carbazol obtained. This method does not give very 
reliable results. 

W. Vaubel ^ determines carbazol volumetrically by dissolving it in 
glacial acetic acid, and adding a standardised potassium bromate 
solution containing potassium ^bromide, until a bromine reaction per- 
sists for some time. Each molecule of carbazoi absorbs 2 mols. of 
bromine, although only a monobromo-derivative is formed, in conse- 
quence of the oxidation of the imido-group. 

^ Jahresher,^ 1879, p. 376. 

? Z, angew, Chem,^ xSgi, 4, 748. 
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Nickels 1 detects phenylnaphthylcarbazol spectroscopically 'in the 
benzene solution of crude anthracene by means of two well-defined 
black bands between lines F and G, and a third which is still more 
refractive than G. 

Paraffins. Allen ^ adopts the following method for the estimation 

of the paraffins in crude anthracene T^n grams of the sample are 
heated on the water-bath with 200 ^ of strong sulphuric acid, till all is 
dissolved except a portion of the paraffin which separates as oily drops 
Qn the surface. The solution is poured into $00 c.c. of water and 
allowed to cool : the paraffin rises to the surface and solidifies to a film, 
which can be lifted out, dried between filter paper, and weighed. 

If only small quantities of paraffin are present, the separated 
paraffin is extracted by shaking twice successively with ligroin, the 
extract washed with half its volume of 5 per cent, sodium hydroxide 
solution, then four times with one-fourth of its volume of concentrated 
sulphuric acid, and finally with water. The ligroin is then distilled off, 
in a weighed flask, on the water-bath, and the residual paraffin 
weighed.^ 

F. Heusler and E. Herde^ add 25 c.c. of fuming nitric acid, drop by 
drop, to 2 g. of crude anthracene in a 150 c.c. flask, cooling meanwhile 
with ice water. The whole is allowed to stand until the anthracene has 
completely dissolved, warmed for a short time on the water-bath to 
allow the paraffin to collect into drops, then cooled, and the acid liquid 
filtered on the pump through a small asbestos filter. The paraffin 
which Temains on the filter is washed with fuming nitric acid until the 
washings no longer become turbid on dilution, then washed with water 
until free from acid, rinsed with warm alcohol into a small, tared 
porcelain dish, and the filter washed into a test tube with ether. The 
alcohol is then evaporated on the water-bath, the ethereal liquid added, 
and the ether allowed to evaporate at the ordinary temperature. The 
paraffin which remains is dried at 105° to 110°, and weighed. 

Kraemer and Spilker® recommend the following procedure ; — Ten 
grams of the very finely ground anthracene are shaken for some time 
with 70 C.C. of ether in a 100 c.c. measuring flask, which is then filled 
up to the 100 c.c. mark with ether, mixed well, and allowed to stand 
till the solid has settled to the bottom. Fifty c.c. of the clear 
liquid are then transferred by means of a pipette into a porcelain 
dish, the ether evaporated, and the residue dried for half an hour at 
100°. When cold, the residue is powdered as finely as possible in the 
dish, well mixed with 8 c.c. of fuming sulphuric acid (20 per cenr of 

^ Chem. News, 1S74, 4 °. 37 o ; 1875, 41, 52, 93, 117. 

^ Commercial Organic Analysis^ vol. 2, p. 259, 

3 Qi Qii Colour J., 1906, p. 487. 4 z, angew. Chem., 1895, 8, 253. 

® Musprattj Handhuch der technischen Ckemie, 4th ed., vol. 8, p. 70. 
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SO3), and heated to 100° for three hours, covering the dish with a 
watch-glass meanwhile and stirring frequently. The contents of the 
dish are then rinsed into a beaker with 500 c.c. of hot water, filtered 
when cold through a moist filter, and washed with cold water until 
barium chloride causes no precipitate with the washings. The filter is 
well drained and rinsed with ^ little alcohol, after which the paraffin is 
dissolved out with ether into a weighed porcelain dish. Any traces 
paraffin still remaining in the beaker are also washed into the dish 
with ether. The ethereal solutior^is evaporated at a gentle heat, dried 
for half an hour at los"", and weighed as paraffin. 

Hydrocarbons , — The hydrocarbons of coal tar, and hydrocarbons in 
general, can be quickly identified by the method of E. Lippmann and 
J. Poliak,^ who make use of the colorations which their solutions in 
strong sulphuric acid yield on addition of benzal chloride, C^H^.CHCU, 
in the cold. These are as follows : — 


Anthracene 

Malachite green. 

Naphthalene 

, Magenta red. 

^Benzene . 

. Light yellow. 

*Toluene . 

. Light yellow. 

*Xylen 5 . 

. Orange. 

Phenanthrene 

Carmine. 

Triphenylmethane 

Pale yellow. 

Picene 

. Olive green, after some time. 

Diphenylmethane 

Brick red. 

Stilbene . 

. Bluish green. 

*Pseudocumene 

. Orange red. 

*Cymene . * . 

. Orange. 

Pyrene 

Emerald green, later deep blue. 

Acenaphthene 

. Dark blue. 

Dibenzylanthracene 

Yellowish green. 

Chrysene 

/Light yellow, then light green 
\ later dark green. 


The hydrocarbons marked yield the coloration mentioned even 
without addition of benzal chloride. 

IV.— CARBOLIC ACID, CRESOLS, AND CARBOLIC 
ACID PREPARATIONS 

The* term carbolic acid ” as used in the chemical trade, is by no 
means well defined or limited to a definite chemical compound. It not 
only denotes the pure phenol, CgHgOH, but also the cresols, their 
mixtures with phenol, and furtl^er the crude tar oils containing only 
a certain percentage of these substances in the crudest state. In 
this section phenol will first be considered, then the cresols, and 
finally carbolic acid preparations, including crude tar oils and manu- 
factured preparations containing phenol and cresols. The analytical 

■ ^ Monatsh*, 1902, 23, 670, 



812 


COAL TAE 


methods which have been proposed for these substances are very 
numerous, but only those will be discussed which are of importance 
from a technical standpoint, and are used in that connection. For 
further information reference may be made to G. Lunge’s Coal Tar and 
Ammonia^ 6 ^t\i edition, 1909, and to H. Kohler’s Karbolsdiire und KarboT 

A 

saurepraparate, ♦ 

^ The following are the chief commercial products. 

{a) Crude Phenol. 

This is chiefly a product of the English market, and serves for the 
manufacture of crystallised carbolic acid and of cresols. In the cold 
it solidifies to a crystalline magma. If 50 per cent, is distilled and the 
distillate cooled to 15°, crystals of phenol are obtained, and in this way 
the product is easily distinguished from crude cresol (100 per cent, 
crude carbolic acid). As a rule, the analysis is limited to the estimation 
of the percentage of water, the solidifying point, and solubility, all of 
which are carried out in one operation by the method described under 
Carbolic Oil,” p.^773. 

Water is completely separated from the first portiop of the distillate 
by mixing this with three to four times its volume of benzene. The 
solubility is ascertained by thoroughly shaking one part of crude 
phenol with four parts of 10 per cent, potassium or sodium hydroxide 
solution ; the resulting solution must be clear, and must not become 
turbid, on dilution with water, 

{ti) Phenol {Carbolic Acid Crystals), 

In the pure state, phenol forms a white, vitreous, translucent, 
crystalline mass, melting at 42° and boiling at 184°; it melts to a 
strongly refracting colourless liquid possessing a peculiarly harsh, but 
not unpleasant aromatic odour. The sp. gr. at 15° is i-o66; at the 
ordinary temperature it is soluble in about fifteen parts of water. 

Products appear on the market with varying melting points (from 
42°, 39° to 40", and below to 32°) conditioned by the presence of small 
quantities of moisture and of cresols which strongly influence this 
property. 

The most important application of phenol is in the manufacture of 
picric acid ; considerable quantities are employed in the manufacture of 
salicylic acid and of aniline dyes, while its use in surgery (formerly the 
chief consumption) is continually diminishing, in consequence (jf the 
increased employment of the cresols, which are more strongly antiseptic 
but less corrosive. 

Synthetic phenol made from benzene behaves, in all essential 
points, exactly as tar phenol. 

The following determinations are to be considered in the analysis 
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of phenol : — The melting point, or, more correctly, the solidifying point, 
the test for clear solubility in lo' per cent sodium hydroxide solution 
and in water, the colour, and the odour. 

On account of its strong hygroscopic property, too low results by 
i"" to 2° are obtained if the melting point is determined in capillary 
tubes in the usual way, for wh^ch reason the estimation of the solidifying 
point is accepted as the standard cfetermination. Kraemer and Spilk^r 
state that the following precautions are necessary for the determination 
of the solidifying point of a lar^e sample of phenol. The sample fs 
completely melted in an air-bath or drying-oven, from which moisture 
is completely excluded, it is then thoroughly mixed, and about 50 c.c. 
removed into a wide-mouthed flask, where it is continually stirred with 
a thermometer graduated in The flask and its contents are 

allowed to cool slowly, so that when in the neighbourhood of the 
solidifying point the temperature falls, at most, half a degree per minute. 
The temperature at which a crystal of pure phenol, when added to the 
contents, will grow, is the true solidifying point. If the flask has 
cooled below this point, there is a vigorous fornaation of crystals, 
accompanied bj; a rise of temperature, and the correct solidifying point 
is the highest temperature thus indicated. The apparatus recommended 
by Shukoff (p. 803) is the most suitable for the determination. 

Complete solubility in sodium hydroxide solution is tested for as 
described above. The test is more exact if water is substituted for the 
alkaline solution ; one part of phenol should give an absolutely clear 
solution with fifteen pa^ts of water. 

Phenol (also the synthetic compound) frequently shows a pink 
colour; a penetrating odour of sulphur compounds or of other tar 
products should not be noticeable. No further determinations are, as 
a rule, required for the valuation of commercial phenol. 

(c) Cresols {Cresylic Acid), 

Coal tar cresol is a mixture, in varying proportions, of the three 
isomeric cresols, in which the 7;^-cresol predominates. 

Their boiling points are ; — 

i?-Cresol . . . . .191° 

m - ...... 203'^ 

P’ 202° 

JJ'hus the differences in boiligag point are so small that the separation 
of the isomers by distillation is only possible in the case of the t?-cresol, 
which after repeated fractionation can eventually be obtained in a pure 
condition. In addition to the isomeric cresols, crude tar cresol usually 
contains some phenol, the boiling point of which is only 7° lower than 
that of (?-cresol. 
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According to Ihle,^ Tiemann and Schotten,^ and K. E. Schulze^ 
the proportions of the three isomers in coal tar cresol vary. The latter 
found : — 

;f;2-Cresol .... About 40 per cent. 

3> • • • * >J 35 

A jj * • • V ” ” 

Their solubility in water at the ordinary temperature is, according 
to Gruber : — 

Pure ^-Cresol 
„ m- „ 

)j P" 55 

Cresol mixture from toluidine 
„ „ tar oil . 

On the other hand, the anhydrous cresol mixture from coal tar 
can take up 5 per cent, of water.^ 

The chief commercial products of cresol are : — 

Liquid Carbolic Acid^ lOO per cent. (Dark). — An almost black 
liquid which dissolves in sodium hydroxide either to a clear or 
turbid solution, and boils between 185*" and 210°. It consists chiefly of 
a mixture of the three isomeric cresols, together with a considerable 
proportion of phenol, xylenols, and higher methylated phenols, and is 
used for crude disinfecting purposes, and for the preparation of the 
other commercial products. 

Lifuid Carbolic Acid^ too per cent. (Light). — A yellow or brownish 
liquid which boils between somewhat narrow^ limits of temperature 
than the above and behaves similarly towards sodium hydroxide. 
It is used chiefly for pharmaceutical purposes. 

Purified Cresylic Acid or Tricresol. — A colourless liquid of boiling 
point 185° to 205’", consisting essentially of the three isomeric cresols 
with traces only of phenol and of higher methylated homologues. 

Technical Meta-Cresol. — A yellowish liquid which is usually made 
in two qualities, one of which is used in pharmacy ; this has a boiling 
point of 199° to 204° and contains a small proportion of i 7 -cresol, from 
58 to 60 per cent, of ^2-cresol, the remainder being /-cresol. 

The impurities found in cresol comprise phenol, water, and hydro- 
carbons. For most purposes phenol can hardly be considered as an 
impurity; its approximate amount can be determined as described 
below. The water is determined by distillation as in the case of phenol. 
J. Muter ^ tests for the presence of water by shaking the sample^n a 
graduated tube withr three times its volume of concentrated, saturated 
salt solution ; if the cresol is free from water, its volume increases 

1 J . praki . Chem .^ 1876, 14, 451, 3 1887, 20, 410. 

^ Ber ., 1878, II, 768. 4 Muter, Ckem . Cenir ., 1890, p. 840. 


2-50 volumes per cent. 

Q‘53 If If 

1- 8o „ „ 

2 - 20 „ „ 

2-55 


5 Ihd. 
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under this treatment by about 5 per cent. ; if saturated with water, its 
volume remains unchanged. Hydrocarbons, such as naphthalene are 
detected by removal of the cresol with dilute sodium hydroxide solution, 
as described in the case of phenol. 

There are no characteristic reactions known for distinguishing cresols 
from phenol, as all reaction^ of the latter are shared by the former. 
The relatively more sparing solubility of cresols in water is the character 
istic which lends itself most readily to analytical purposes. Allen ^ has 
given a tabular summary of the relative behaviour of cresol and phenol 
in this respect. The boiling poin? is also a reliable guide both as to 
the composition of the pure products and their mixtures. 

The value of commercial cresol (cresylic acid) is dependent for 
some purposes on the proportion of //^-cresol which is present. Various 
methods of determining the ;;2-cresol in these mixtures have, therefore, 
been proposed, of which the following are in use for technical purposes. 
The method of F. Raschig^ depends on the fact, that on treating 
;;/-cresol with excess of nitric acid at 100'',^ it is quantitatively con- 
verted into trinitrocresol, whilst its isomers are cc^pletely oxidised, 
forming oxalic |Lcid. The following directions, which must be most 
carefully observed, give very reliable results. Exactly 10 g. of the 
cresol mixture are weighed into a small conical flask, mixed with 15 
C.C. of ordinary sulphuric acid of sp. gr. 1*84, then heated for one hour 
in a steam oven, and the contents poured into a wide-necked flask of 
I litre capacity. The flask is cooled under the tap, shaking it j;ound 
meanwhile in such a manner that the sulphonic acid, which is a mobile 
liquid, whilst hot, setfles as a thick syrup on the sides of the flask 
during cooling. Ninety c.c. of nitric acid of sp. gr. 1-38 are then 
first poured into the small flask in which the sulphonation was 
conducted, in order to remove any sulphonic acid adhering to its sides, 
rinsed well round, and then poured, all at once, into the large flask. 
The contents of the latter are well shaken immediately, so that all 
the sulphonic acid is dissolved, which takes about twenty seconds, and 
the flask then placed in a draught-cupboard. After one minute a 
violent reaction occurs, red fumes are evolved, and the liquid boils ; 
then it suddenly becomes turbid, oily drops of trinitrocresol form and 
collect on the bottom of the flask, and after five minutes the reaction is 
apparently ended. The whole is allowed to stand for at least another 
five minutes, then poured into a dish containing 40 c,c, of water, and 
the ^ask rinsed out with a furtl^r 40 c.c. of water into the same dish. 
On mixing with the water the trinitro-/;2-cresol solidifies, with liberation 
of nitrous fumes, to a crystalline magma. It is allowed to stand for at 
least two hours whilst the liquid cools, is then crushed with a pestle, 
and filtered on the pump through a filter which has been tared against 
^ Lunge, Coal Tar and Ammonia^ p. 216, 2 Z* angew, Chem.^ 1900, 13, 759. 
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another one. The crystals of trinitrocresol are washed with lOO c.c. of 
water, dried at pS"* to lOo'', and weighed If these instructions are care- 
fully followed 1*74 g. of trinitro-;;/J-cresol are obtained for each i-o g. of 
;;/-cresol present in the mixture, whatever the composition of the latter. 
The presence of even lO per cent, of phenol does not diminish the 
accuracy, as the picric acid which is formed remains in solution ; but 
^e method must not be applied fo mixtures containing very large 
amounts of phenol, which, however, do not often occur in practice. In 
such samples the presence of phenol is detected by the boiling point, 
and also by the fact that the nitro-compound does not remain solid in 
the steam-oven at 95° to 100°, but melts, or at any rate, forms a soft 
paste. Xylenols, which sometimes occur in commercial cresols, behave 
in a similar manner ; the nitro-compound either liquefies when warm or 
refuses to set in the cold. But a cresol which distils for the most part 
between 190 °and 200°, and, therefore, contains scarcely any phenol 
or xylenol always yields a pale yellow crystalline mass, the weight of 
which when divided by 1*74 gives the weight of m-creso\ in the mixture, 
the error being within i per cent. The amount of nitric acid used is 
considerably more than is needed for the nitration and oxidation, and 
good results can be obtained with average cresols containing 35 to 60 
per cent. ;//-cresol, when only 70 c.c. of nitric acid are used ; but if this 
is done the reaction often occurs so suddenly that there is scarcely time 
to mix the sulphonic acid with the nitric acid and place the flask on one 
side ; explosions have even been known to occur under these conditions. 
The recognised quantity of 90 c.c. of acid is, therefore, adhered to, and 
is poured, all at once, into the flask as quickly as possible, a flask having 
a very wide neck being used, 

F. Russig and G, Fortmann^ have described a method which is 
used in France. This is not so simple or rapid as Raschig^s method, 
but gives rather higher results, probably because the nitration is more 
complete; it is also inapplicable for mixtures containing more than 
10 per cent, of phenol or xylenols. Fifty grams of the cresol are 
weighed into a small conical flask and mixed with 125 g. of sulphuric 
acid of sp. gr. 1*84. The temperature of the mixture rises spontaneously 
to between 60° and 70°, and further warming is unnecessary. After 
standing for one to two hours, the sulphonic acid is nitrated in a 
tubulated retort of i litre capacity, placed in a sand-bath ; the neck of 
the retort is connected to a wash-bottle, and this, in turn, to a 
good draught. Four hundred c.c. of pitric acid of sp. gr. i-38^are 
placed in the retort, heated to 60°, and the flame then removed. 
A cylindrical dropping - funnel without a neck is fixed in the 
tubulure of the retort by a rubber stopper, and the small conical 
flask in which the sulphonation was effected is placed upside- 
^ Z. mgew, Cherniy 1901, 14, 157, 
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down over the funnel in such a way that the contents are only 
delivered slowly and are similarly emptied from below. The 

sulphonic acid is allowed to gradually drop into the hot nitric acid 
during a period of one and a half to two hours ; it is thus completely 
nitrated and oxidised ; the^ oxidation is accompanied by a violent 
development of heat and evolution of nitrous fumes. About twenty 
minutes after the conclusion of the reaction, the contents of the retor^f^ 
are poured into a dish containing 200 c.c. of water, and the retort 
rinsed out with a further 200 c.c. After standing overnight, the* 
crystalline mass is crushed in the <^sh, filtered on a hardened filter on 
the pump, washed with a further 200 c.c. of water, and weighed. When 
treated in this manner 50 g. of pure ;//-cresol yield 87-8 g. of trinitro- 
7;/-cresol, being 175-6 per cent, whereas by Raschig's method only 174-0 
per cent is obtained on the weight of the original cresol. 

H. Ditz^ has described a method, based on the volumetric bromine 
determination of Ditz and Cedivoda,*^ but it is only available in the 
complete absence of phenol and xylenols. Ditz recommends the 
addition of a definite amount of ;//-cresol when usicig either of the 
above methods for cresols containing more than 10 per cent of phenol, 
so as to reduce the amount of the latter below this proportion. 

It is necessary occasionally to determine all three isomers in a 
commercial cresol. In this case Raschig^ separates the c?-cresoI 
completely by repeated fractional distillation, and obtains a distillate 
containing roughly doper cent of 7 H-cresol and 40 per cent of /-crei^I, in 
which the 7;^-compound is determined by Raschig’s method. 

Pure i?-cresol, obtained from coal tar cresol by fractional distillation, 
is now a commercial product, and amongst other uses finds employment 
for the preparation of “sulphide” dyestuffs. It is tested for purity by 
means of its melting and boiling points. 

(d) Carbolic Acid Preparations. 

Under this heading are comprised carbolic acid and cresylic acid 
of various qualities, solutions of carbolic acid, of cresols, or of tar oils in 
soap or in other aqueous solvents (Creolin, Lyspl, Sapocarbol, etc.), and 
disinfecting powders. Each of these classes of substances requires special 
analytical treatment, and very many methods have been proposed for 
their examination, of which the following are the most reliable. In 
the case of disinfectant preparations and antiseptics, usually a knowledge 
of the amount of total phenols present will suffice. As, however, the 
antiseptic power of the cresols and xylenols is considerably greater 
than that of phenol, it may be necessary in certain cases to obtain 

^ Z. angew, Chem,^ 1900, 13, 1050, ^ Ibid.^ 1899, I2, 873, 897. 

® Ibid,^ 1900, 13, 759. 
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information as to the composition of the phenols present. The rnethods 
described above may then be used. 

Crude Carbolic Acid, — The commercial qualities of crude carbolic 
and cresylic acids are known as 15 to 20 per cent, 25 to 30 per cent, 50 to 
60 per cent, and 90 to 100 per cent carbolic acid. The first is a distillate 
of coal tar, the last, usually a residue fromtthe distillation of crude phenol, 
’Containing cresols and higher hotnologues, whilst the intermediate 
qualities are mixtures of the other two. Sometimes the 90 to 100 per 
«cent. quality consists of crude carbolic acid from light tar oils, and 
contains both phenol and its higher* homologues ; this point is settled 
by the boiling point and by the amount of water present. 

Both the works and the trade usually employ the following method 
for determining the percentage of phenols : — Ten volumes of the crude 
carbolic acid are shaken for a considerable time with ninety volumes of 
sodium hydroxide solution of sp. gr. 1-079, after settling completely 
the remaining volume of oil is calculated as non-phenols. The sodium 
phenate solution is separated from the oil, acidified with hydrochloric 
acid, the phenol salted out with common salt, and the volume of crude, 
moist phenol read off. The volumes of phenol and non-phenols thus 
found should together be approximately equal to the original volume 
of the sample. The method is open to objections, as the solution of 
sodium phenate is capable of dissolving considerable quantities of 
tar hydrocarbons and bases, the former being thus reckoned as phenols, 
whiM the latter, which remain in solution on acidification, are not 
included in the non-phenols or in the phenols. The result would be 
more exact if before acidifying the sodium* phenate solution the 
bases were distilled off in a current of steam, collected, and added to 
the non-phenols. The increase in volume of the separated phenol due 
to dissolved water about compensates for the amount of phenol 
remaining dissolved in the hydrochloric acid. A similar method is used 
by G. Schacherl^ 

Solutions containing Soap and Phenol, or Cresol. — These com- 
prise sapocarbol, lysol, creolin, carbolic soap, and similar preparations. 
They cannot be examined by the methods given above, as the fatty acids 
interfere, and must, therefore, be systematically separated into hydro- 
carbons, phenols, and fatty acids if a full analysis be required. 

The methods of Allen,^ T. Weyl,^ Bodlander,^ Otto and Beckurts,^ 
Pfrenger,® Helbing and Passmore,"^ Engler and Dieckhoff,^ W. Reuss,^ 
H. Fresenius and Makin,^^ and Spatehplz,^^ need not be describe^here, 

^ CAem, Zeit Rep.^ 1892, 16, 365 ; Z. anal Ckem., 1901, 40, 615. 

2 Tke Analyst^ 1886, ii, 103. J. Soc. Chem. Ind.^ 1892, ii, 848. 

3 Ser,^ 1889, 22, 138. s Arch. Pharm,^ 1892, 230, 589, 

^ Reichs-Med.’-AnzeigeVy 1888, Nos. 10 and ii. ® Pharm, Zeit, 1894, 39, 525. 

5 Pharm. Zentralb..^ 1889, p. 227, Z. anal Chem,^ 1896, 35, 325. 

® Arck Pharm.^ 1890, 228, 701, Ihid..^ 1898, 32, 58. 
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as Ditz and Clauser ^ have shown that they do not give reliable results. 
The errors in these methods are partly inherent and partly due to 
technical difficulties in carrying them out. 

Ditz and Clauser analyse lysol by the following method, which is 
applicable also to all mixtures of phenols with fatty acids and their 
salts (soaps). Five grams of;lysol are dissolved in lOO c.c. of luke-^ 
warm water, and 20 to 30 c.c. of 10 per cent, sodium hydroxide solution 
added, so that the phenols are completely converted into their alkali 
salts. The hydrocarbons are then extracted by shaking out two to 
three times with ether, which is afterwards freed from traces of 
dissolved phenates by shaking with dilute sodium hydroxide solution ; 
this dilute alkali is added to the main alkaline solution. The ethereal 
extracts are dried with anhydrous potassium carbonate, which is after- 
wards washed with a little dry ether, carefully evaporated, and the 
residue dried over strong sulphuric acid until the weight is constant 
The alkaline solution containing the phenols, etc., is freed from ether 
by warming on the water-bath, and neutralised with hydrochloric acid. 
The point of neutrality is easily recognised by the first signs of 
turbidity. The solution is then cooled, and treated with an excess of 
barium chloride and with titrated barium hydroxide solution, about 
equivalent in quantity to the cresol which is present. The barium 
oleate must be precipitated in the cold, as it otherwise separates in an 
unsatisfactory condition. After stirring for a short time, the liquid is 
filtered as rapidly as possible, in order to avoid decomposition of the 
cresolate and the production of turbidity in the filtrate by the carbon 
dioxide in the air. The precipitated barium oleate is first washed with 
water containing a little barium hydroxide and finally with hot, distilled 
water. It is then rinsed into the beaker in which the precipitation was 
effected, decomposed with hydrochloric acid, filtered through the same 
filter as before, and the fatty acid examined and estimated by any of 
the ordinary methods. The cresols, freed from fatty acids, are now 
present in the filtrate, and can be determined gravimetrically by 
acidifying and extracting with ether. It is more accurate to dilute the 
acidified filtrate to a definite volume and to determine the contained 
cresols by Koppeschaar’s method (p. 823) ; several estimations should 
be made and the mean value taken. In this way the mean bromine 
value of the total phenols is obtained. As the relative proportion of 
the various phenols of which the mixture consists is unknown, a supple- 
mentary determination is made^of the bromine-absorbing power of a 
weighed quantity of the mixed phenols. For this pi>rpose a convenient 
quantity of the acidified filtrate is shaken out with ether, the solvent 
evaporated, and after drying at 100° to 1 10°, the residue weighed and 
titrated with bromine by Koppeschaar’s method. Any loss of the 

^ Chem, Zeit^ 1898, 22, 732. 
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phenols during their isolation for this purpose is obviously of no 
consequence, since their relative proportion will not be affected. The 
percentage of phenols is then given by the formula : — 

100 y.axd 
bxc 

f 

Where a is the weight of bronune equal to the total phenols, d the 
weight of the phenols from the ethereal extract, b the weight of 
rbromine absorbed by the same, and c the weight of lysol used for the 
analysis. 

For the purposes of this determination, KoppeschaaFs method must 
be modified by dissolving nine parts of the bromide-bromate mixture 
in looo instead of lOO parts of water; moreover, after liberating the 
bromine with sulphuric acid, the liquid must be allowed to stand for 
half an hour so that the reaction may be quite complete; also, on 
titrating back with thiosulphate solution, the liquid should again be 
allowed to stand for a quarter of an hour after decolorisation, so that 
the blue colour, wi^ich usually reappears, may be completely removed by 
further addition of thiosulphate. 

M. Dayk^ has proposed the following simple fnethod for the 
estimation of soap in tar emulsions. A suitable quantity of the sample 
(about 20 g.) is placed in a beaker and treated with a known volume of 
warm water, and a solution of cane sugar added until a clear syrup 
results. The whole is warmed on the water-bath until the liquid 
separates into two layers, then transferred to a separating funnel whilst 
still warm, and the lower, aqueous solution run hito a concentrated brine 
solution. Any soap present separates out completely and is filtered 
off, washed with brine solution, allowed to dry, and purified by 
crystallisation from alcohol. 

Methods of analysis have also been described by Thresh,^ O. 
Schmatolla,^ and E. Borral.^ 

Disinfecting Powders. — These usually consist of mixtures of various 
inorganic materials with varying quantities of cresol, crude carbolic acid, 
or tar oils. Slaked lime, powdered gypsum, or levigated chalk are the 
ordinary mineral constituents. Less common preparations are prepared 
by using as carriers certain anhydrous compounds such as boric 
anhydride, aluminium oxide, magnesium oxide, or dehydrated salts, 
such as calcined borax, alum, or salts of pyro- and meta-phosphoric 
acids. These salts form solid addition compounds with phenols, in 
which the latter take the place of Vater of crystallation. "^ther 
preparations are rnade by impregnating porous materials such as card- 
board, gypsum plates, or porous earthenware with carbolic acid. 

^ Cof'p Gras» Ind.^ 1908, No. lO. ® Chetn, Zeit.^ 1903, 27, 634. 

^ Chem. and Drug,^ IQOI, 59 j 1123. P/iarm. Chim.^ 1903) 17 ) [Sf 98* 
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The active constituents of the above-mentioned and other similar 
preparations, which consist of phenols and tar oils, are separated by 
distillation in a current of steam or by extraction with ether, after first 
acidifying, should basic constituents be present. They are then further 
examined by any of the methods described above. W. Staveley ^ has 
criticised a number of propoj^als in this connection, including those of 
R. Williams ^ and of Muter and de IConingh.^ 

E. Swoboda^ uses the following method, which gives sufficiently 
accurate results : — Twenty grams^ of the sample are shaken up in a 
litre flask with 50 c.c. of 20 per cent potassium hydroxide solution, the 
mixture allowed to stand for fifteen minutes, the contents made up to 
I litre and well mixed. After standing for some time the liquid 
becomes clear and the non-phenols rise to the surface. Fifty c.c. 
of the clear liquid are drawm off, of which the first 25 c.c. are used 
for a determination of the phenols by Koppeschaar’s method. The 
percentage of active phenols in the 20 g. of the sample originally 
taken is found by multiplying the amount of bromine absorbed by the 
25 c.c. of solution by 39- id 

Qualitative Tests for Phenol. 

The most reliable qualitative test for phenol is Landolt's well- 
known reaction with bromine water, which gives a white precipitate 
of tribromphenoL^ With i part in 44,000 an immediate and very 
distinct turbidity is obtained, whilst with i part in 60,000 it is distinct 
after twenty-four hours’ S^tanding. Other phenols also give precipitates of 
bromophenols when treated with bromine water, but they can be 
distinguished from phenol itself by the different melting point of the 
product. Tribromphenol melts at 94® and crystallises from dilute 
alcohol in long, hair-fine needles. Thymol yields a turbidity immedi- 
ately at a dilution of i in 60,000, and is thus even more sensitive to 
this test than phenol. Aniline and similar bases are also precipitated 
by bromine water, but can easily be distinguished from phenol by 
filtering and washing the precipitate, and warming it gently in a 
test tube with water and a little sodium amalgam. If the liquid is 
then poured into a small dish and acidified with sulphuric acid the 
characteristic smell of phenol becomes apparent if this was originally 
present. 

Liebermann’s reaction is also reliable.^ The phenol, which has 
been liquefied with a trace o& water, is treated with concentrated 
sulphuric acid containing 6 per cent, of sodium or^ potassium nitrite, 
when a brown coloration is obtained which changes to green and 

^ Chem . Zeit ^ 1889, 13, 1126. ^ Ckem . Zeit ,^ 1891, 15, 59. 

Soc ^ Chem ^ Ind.y 1888, 7, 826. ® Ber ,^ 1871, 4, 770. 

3 Ana / ysi , 1887, I2, 191. ® Jdtd.y 1874, 7, 247. 
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blue successively, owing to the formation of Liebermann's phenol- 
dyestuffs. 

A very delicate test for phenol is that obtained with Millon’s 
reagent, the limit of sensitiveness being i in 200,000. This reagent 
consists of mercurous nitrate solution containing a little nitrous acid, 
and was first recommended as a testffor phenol by Plugge.^ W. 
^"aubel ^ studied the reaction in (fetail, and came to the following 
conclusions in regard to its application : — The reagent as prepared by 
dissolving one part of mercury in one part of cold, fuming nitric acid 
or one part of nitric acid of sp. gr. 1-4, warming towards the end of 
the reaction, and diluting with two parts of distilled water, contains a 
little nitrous acid but mainly mercurous nitrate and nitric oxide, of 
which, perhaps, a little is converted into nitrogen dioxide by the 
oxygen of the air. These gases are absolutely essential for the reaction, 
and much warming must, therefore, be avoided during the preparation 
of the reagent, as they are easily driven off by heat. 

Di-d7- and di-?;^-substituted phenols do not yield the reaction ; among 
the naphthols, /3-r»aphthol alone gives a similar product, a-naphthol 
and derivatit^es giving nitroso-compounds. ^ 

Almen ® adds five to ten drops of Millon’s reagent to 20 c.c. of the 
solution to be tested, boils, and removes the yellowish red turbidity of 
basic salts, which is usually formed, by careful addition of nitric acid. 
The red coloration thus produced becomes still more intense after a 
short-time. Unfortunately the same reaction is given by salicylic 
acid. 

In order to detect phenol in presence of salicylic acid, ammonia and 
sodium hypochlorite are added to the liquid. In this way i part of 
phenol in 50,000 can be detected by the blue coloration, which, however, 
at this dilution requires twenty-four hours* standing for its appearance. 

According to J. M. Wilkie,^ much the most sensitive test for phenol 
(also given by salicylic acid) is the formation of the very voluminous 
tri-iodophenol. This Is carried out by adding to the solution deci- 
normal iodine and sodium carbonate and, after five minutes, acidifying, 
when the tri-iodophenol is precipitated. Less than one part of phenol 
per million can be thus detected, whilst four parts per million gives an 
immediate indication. 

Carletti ^ states that small quantities of phenol in salicylic acid or of 
phenates in salts of this acid may be identified by stirring together 
0-25 g. with 5 c.c. of distilled water ya a test tube, adding two^rops 
of a 2 per cent, alcoholic furfural solution, and then pouring 2 or 3 c.c. 
of concentrated sulphuric acid down the side of the tube so that it 

^ Z. anal Ckem.^ 1872, li, 173. ® Pharm.J,^ 1887, 7, 812. 

2 Z, angew. Ckem,^ 1900, 13, 1125. ^ J, Soc* Ckem» Ind.^ 1911, 30, 402. 

® C/iem» Cenir,^ 1907, IL, 427. 
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forms a layer on the bottom. A yellow ring forms at the contact zone, 
above which, according to the quantity of phenol present, a deep blue 
ring appears, even if the contained phenol only amounts to 0*00005 g. 

Endemann ^ evaporates a solution of formaldehyde (formalin) with 
phenol almost to dryness, and adds a dehydrating agent such as con- 
centrated sulphuric acid ; coloured products are obtained, probably 
the triphenylmethane series, which vary in colour with the particular 
phenol present. 

J. Herzog^ recommends diphfnylcarbamic chloride (C6H5)2N.C0C1 
in pyridine solution as a reagent for phenols; it produces the corre- 
sponding phenolic diphenylcarbamate. 

Runge’s well-known ferric chloride reaction is given by many other 
substances besides phenol.^ 

Quantitative Estimation of Phenol. 

Phenol is quantitatively determined either by the method of 
Koppeschaar,^ which depends on LandolPs tribrqmphenol reaction, 
or by Messinger and Vortmann’s method.^ Both methods yield equally 
accurate results. - 

(a) Koppeschaar's Method. — Instead of bromine water, Koppeschaar 
uses a solution of sodium bromide and bromate, which evolves bromine 
with hydrochloric acid in accordance with the equation ; — 

SNaBr + NaBrOg + 6 HC 1 = 6Br -l- 3H2O + 6NaCl. 

The following stock solutions are required : — 

(a) A solution of sodium thiosulphate equivalent to an iodine 
solution containing 5 g. of iodine per litre. 

(b) A solution containing 125 g. of potassium iodide per litre. 

(^) A solution of sNaBr+NaBrOg, of such strength that 50 c.c., 
when mixed with 10 c.c. of the potassium iodide solution, 5 c.c. of 
strong hydrochloric acid, and 100 c.c. of water, will require for 
decolorisation 86 to 95 c.c. of the sodium thiosulphate solution. This 
solution is prepared by treating fairly pure sodium hydroxide solution 
with excess of bromine, evaporating to dryness, and powdering the 
residue; 9 g. of this residue are dissolved in loo c,c. of water and 
diluted to the correct strength, after titration. 

To carry out the estimation, 4 g. of the sample, or more in the case 
of preparations containing comparatively little phenol, are dissolved in 
a litre of water. Twenty-five c.c. of this solution are placed in a 
stoppered flask of about 250 c.c. capacity, 100 c.c. of the bromide- 
bromate solution added, followed by 5 c.c. of concentrated hydrochloric 
acid, the flask closed, the contents well shaken, and allowed to stand 

1 Z. anal Chem.^ igoi, 40, 667. ^ 1907, 40, 1831. 

3 < 3 ^ Hess, Amialen^ X876, 182, 161 ; also Raschig, Z. a 7 igew, Chem,^ 1907, 20, 2065. 

4 Z anal Chem.^ 1876, 15, 233. ® Ber,y 1890, 23, 2753. 
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for fifteen minutes. Ten c.c. of the potassium iodide solution are then 
added, and the whole again shaken. The liberated iodine is then 
titrated with the sodium thiosulphate solution, adding starch towards 
the end of the operation. 

If the solutions are of exactly standard strength and the operations 
are carried out precisely as prescribed, the percentage of phenol in the 
sample is given by the formula : — 

^ ( 2 < 3 :- 3 ) X 0*61753, 

where a is the number of c.c. of sodium thiosulphate solution 
required by the bromide-bromate mixture used, and b the number of 
c.c. required by the final excess of bromine. 

In the case of preparations containing little phenol, a multiple of 
4 g. of the sample may be taken for the estimation, but in no case 
should 2 5 C.C. of the filtered liquid used for the titration contain more 
than 0*1 g. of pure phenol. 

Beckurts ^ recommends the following modification of Koppeschaar’s 
method, using the -standard solutions proposed by K. Seubert.^ These 
consist of a N \20 potassium bromide solution (containjng 5-939 g. KBr 
per litre), a Njioo potassium bromate solution (containing 1-666 g. per 
litre), a Njio sodium thiosulphate solution, and a potassium iodide 
solution containing 125 g. per litre. For the estimation, 25 to 30 c.c. 
of the phenol solution of 0- 1 per cent strength are shaken in a stoppered 
flask%with 50 c.c. of each of the standard bromide and bromate solutions 
together with 5 c.c. of strong sulphuric acid. After ten to fifteen minutes 
10 C.C. of the potassium iodide solution are added, and the liberated 
iodine titrated with Nj 10 thiosulphate solution, each cubic centimetre 
of which is equal to o*oo8 g. Br or 0*00156 g. of phenol. 

Koppeschaar^s method cannot be used for cresols, as they 
absorb less bromine than phenol, T6th^ has, however, described a 
modification, which has been improved by Thurnauer and Stockmeier,^ 
which allows of determinations of the phenol, cresols, etc., being carried 
out in about half an hour. From 1*5 to 2 g. of “Crude 60 per cent. 
Carbolic acid,” or i g. of “ Crude 100 per cent. Carbolic acid,” are mixed 
in a small flask with three times its volume of 30 per cent, potassium 
hydroxide solution, and shaken for ten minutes. The liquid is then 
diluted to i litre, when the hydrocarbons separate readily, either 
on the bottom of the flask or on the surface of the liquid, partly in 
the solid state and partly in drops. Qne hundred c.c. of the aqueous 
liquid are drawn off and filtered, and 50 c.c. of the perfectly clear 
filtrate are treated in a stoppered vessel with 100 cc. of bromate 
solution (containing 2*517 g. sodium bromate and 9 to 10 g. sodium 

^ Arch, Pharm,^ 24, p. 561. 2 ig^ p. 321. 

® Z. OsU Apotk-^Ver.^ 1884, 23» i. ^ Chem, Zeit^ 1893, 17, 119^ 131. 



PHENOL: QUANTITATIVE ESTIMATION 


825 


bromide per 'litre), and 5 c.c. of fuming hydrochloric acid. After 
standing ten minutes, the solution is mixed with 15 c.c. of 12-5 per 
cent, potassium iodide solution, and the separated iodine is then titrated 
with standard sodium thiosulphate solution (12 to 13 g. per litre). It is 
advisable to add a few drops of chloroform together with the starch 
towards the end of the titra Jon, as otherwise the tribromphenols tend 
to coagulate and enclose a little ioSine. The results obtained by thiiT" 
modification agree well with those obtained by Tdth’s original method : — 
100 g. Phenol require 510-6 g. bromine. 

100 g. Cresol * 444-4 g. „ 

100 g. Xylenol „ 393-4 g. „ 

Thus, the larger the amount of homologues of phenol, the more 
unfavourable will be the result of the analysis expressed in terms of 
phenol. This is all the more unsatisfactory, since the higher homologues, 
especially the cresols, have a greater antiseptic power than phenol 
itself. 

The proportions in which the individual constituents of crude carbolic 
acid are present may also be determined by this method, if the alkaline 
phenol solution, freed from hydrocarbons by shaking out with ether 
before acidifying, is decomposed with acid, and the liberated phenols 
fractionated by distillation, and further examined as already described. 

C. E. Smith ^ prepares mixtures of phenol with cresol and indifferent 
hydrocarbons for comparison, in order to be able to approximately 
determine the relative proportions in the crude carbolic acid under 
investigation. Tribromphenol separates as a very bulky, flocculent 
precipitate, which leaves the liquid quite clear, whilst the tribromcresols 
remain partly in suspension, and thus impart a milky appearance to the 
liquid, and partly separate in the form of small brownish spheres, which 
occupy comparatively little space. Thus the appearance of the pre- 
cipitate shows whether the sample consists mainly of phenol or of 
cresols. For the actual determination, i g. of the sample is added to 
water in a 100 c.c. flask which is almost full, the whole then thoroughly 
shaken and filled up to the mark. The solution is filtered if necessary, 
and 2 c.c. mixed in a 100 c.c. cylinder with 10 c.c. of water, 12 c.c. of 
Njio bromine solution, and 2 c.c. of concentrated hydrochloric acid. 
The cylinder is at once closed and the contents occasionally shaken 
during half an hour. Two c.c. of potassium iodide solution are 
then added, the whole well shaken, and finally titrated with N/io sodium 
thiosiy^lphate solution till colourless. If much cresol is present 
the liquid again becomes yellow after a short tipie. Thiosulphate 
must then be added until the liquid remains colourless after 
shaking and allowing to stand for some time. By subtracting the 
number of cubic centimetres used from 1 2, the number of cubic centi- 

^ Anier,J Pkarm.^ 1898, 70, 369. 
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metres oiNjio bromine solution absorbed by o-02 g. of the sample is 
found. In calculating the results the following table may be used, 
which gives the volume of Njio bromine solution required by o*02 g. 
of a mixture of 85 per cent, of mixed phenol and cresols in various 
proportions with 1 5 per cent, of tar oil : — 


Mainly Phenol . • r* ^ 

75 per cent Phenol and 25 per cent Cresol 

5 ^ JJ » 5 *^ 3 > J 5 

25 , JJ JJ 75 JJ JJ 

Mainly Cresol . . 


II-OO c.c. 
10.65 JJ 

10.30 „ 

9*95 JJ 
9.60 „ 


If, for instance, the brominated precipitate shows that phenol and 
cresol are present in approximately equal proportions, and 10*7 c.c. of 

10*7 X 8 ^ 

bromine solution are used, the sample contains — = 88 per 

cent of phenol and cresols. An alternative method has been described 
by Michonneau.^ 

F. Telle 2 uses a standardised sodium hypochlorite solution, made 
by diluting 35 c.c. of the solution, as ordinarily sold, to i litre. This is 
added to an acid solution of potassium bromide, and ftiis solution used 
instead of the Koppeschaar or Seubert reagents. 

(6) Messinger and Vortmann’s Method.— In this method use is 
made of the fact that, when iodine acts on an alkaline phenol 
solution, six atoms of iodine are used up by each molecule of phenol. 
Th^excess of iodine is then titrated back after acidifying with dilute 
sulphuric acid. For the determination, from ® to 3 g. of the phenol 
are dissolved in sodium hydroxide free from nitrite, at least 3 mols. 
of sodium hydroxide being used for each molecule of phenol. The 
solution is diluted to 250 or 500 c.c., and 5 or 10 c.c. of this liquid is 
warmed in a small flask to 6o^ Standard iodine solution is then 
added, with shaking, until the liquid is of a deep yellow colour, and a 
red precipitate is formed. The mixture is cooled, acidified with dilute 
sulphuric acid, diluted to 250 or 500 c.c., filtered, and lOO c.c. of the 
filtrate titrated with Njio sodium thiosulphate solution. The amount 
of iodine used up, multiplied by 0-12356, gives the amount of phenol. 
This method is accurate, but like Koppeschaar’s method, can only be 
employed for solutions of pure phenol, and not in the presence of 
homologues or of hydroxy-acids. 

This method has been subjected to a careful study by J. M. Wilkie,^ 
who has worked out the following improved procedure : — To the'^dilute 
phenol solution is added equal volumes of decinormal iodine and sodium 
carbonate. After five minutes, excess of sulphuric acid is added, and 

1 J. Pharm, Chim,, 1903, 1% 161. 2 

^ Soc. C/iem, hid., 1911, 30, 398. 
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the residual iodine titrated with decinormal sodium thiosulphate and 
starch. Should too little iodine have been added, this is indicated by 
pronounced fading of the brown colour due to the iodine, and in extreme 
cases by precipitation of tri-iodophenol ; in such circumstances more 
iodine and sodium carbonate is to be added, and the determination 
completed in the usual manner, after five minutes standing. Generally 
not more than half the added iodine should enter into reaction^ 
The determination is most conveniently carried out in stoppered 
bottles. 

The whole operation is perforrfied in the cold. The primary product 
of the reaction is the tri-iodophenol, but if the reaction mixture is 
allowed to proceed for twenty minutes before acidification, a secondary 
reaction takes place with production of the red coloured tetra-iododi- 
quinone : — 

2C,H2l3(OH) = C12HJ4O2 + 2HL 

R, Bader ^ has proposed an alkalimetric method fpr the estimation 
of phenol, and J. F. Toche^ a volumetric permanganate method. 

V.— PYRIDINE BASES 

The bases in coal tar belong mainly to the pyridine and quinoline 
series; small quantities of pyrrol and of aromatic bases, such as 
aniline, are also present. As this basic mixture is never worked up, 
being chiefly used for denaturating spirit, it is not necessary to 
determine the individual constituents. 

In Germany® it has been decided that the mixture of bases used 
for denaturating alcohol should conform to the following specification : — 

Colour. — The colour shall not be darker than that of 2 c.c. of Nj 10 
iodine solution in i litre of distilled water. 

Reaction with Cadmium Chloride. — One c.c. of the bases is 
dissolved in 100 c.c. of water, and 10 c.c. of this solution shaken 
vigorously with 5 c.c. of a 5 cent, solution of anhydrous cadmium 
chloride. A distinct crystalline precipitate should be formed within 
ten minutes. Ten c.c. of the same solution of the pyridine bases 
should also yield a white precipitate with 5 c.c. of Nessler solution. 

Boiling* Point. — On distilling 100 volumes of the mixture at the 
normal atmospheric pressure of 760 mm-., at least fifty volumes should 
distil over up to a temperature of 140° and ninety volumes up to 160°. 

Miscibility with Water — Twenty c,c. of the bases must not 
form oily drops when mixed with 40 c.c. of water. 

Content of Water — When 20 c.c. of the bases are shaken up with 

^ Z, anal Chem,^ 1892, 31, 58. 2 pharm.J^ 1901, 66, 360. 

2 German Confederation of 9th March 1905. 
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20 C.C. of sodium hydroxide solution of sp. gr. 1-4, and allowed to stand 
for a short time, at least 18-5 c.c. of the bases should separate. 

Titration of the Bases. — One c.c of the bases is dissolved 
in 10 C.C. of water, and normal sulphuric acid added until a drop of 
the mixture, when placed on Congo paper, shows a blue edge which 
at once disappears again. This reacticp should not appear with less 
than 10 c.c. of normal sulphuric ^cid. The Congo paper is prepared 
by impregnating filter paper with a solution containing i g. of Congo 
- red in i litre of water, and drying. 

Pyridine bases can readily be detected in denaturated alcohol by 
adding a solution of mercuric potassium iodide,^ which produces a 
yellow crystalline precipitate even in dilute solutions. The sample of 
alcohol is evaporated to dryness with a little sulphuric acid, the residue 
distilled with aqueous sodium hydroxide, and the distillate treated with 
the reagent To confirm -the presence of pyridine, the precipitate 
should be filtered off, washed, and heated with potassium hydroxide 
solution, when the characteristic smell of pyridine should be observed. 
K. E. Schulze^# recommends ferric chloride as an indicator when 
titrating pyridine bases volumetrically, and states that all other 
indicators are inapplicable. He dissolves 5 c.c. of tlie basic mixture 
in 100 c.c. of water, and adds to the solution r c.c. of 5 per cent, ferric 
chloride solution, which causes the precipitation of flocculent ferric 
hydroxide. Normal sulphuric acid is then added until the precipitate 
jusj^disappears and the liquid becomes perfectly clear; commercial 
samples require about 12 to 13 c.c. of the acid. The acid should be 
added, drop by drop, towards the end of the*titration at intervals of 
from one-half to one minute. 

The following gravimetric method of estimating pyridine in aqueous 
solution has been proposed by M. Francois,^ who makes use of the 
insolubility of the gold chloride double salt in pure ether (free from 
aldehyde). To as much of the aqueous or hydrochloric acid solution as 
may be supposed to contain at least o-i g. of the bases, twenty to 
thirty drops of hydrochloric acid, and an excess of gold chloride 
solution are added in a small beaker. A precipitate is formed and the 
liquid assumes a deep yellow colour. It is evaporated to dryness on 
the water-bath, and after all hydrochloric acid has been driven off, is 
placed in a desiccator. The dry residue is then digested with pure 
ether, rinsed on to a filter, and washed with ether until the washings 
are colourless. The filter and contents are then ignited in a c^icible, 
and the quantity^of pyridine calculated from the weight of metallic 
gold obtained ; the double salt has the composition, C5H5N.HCI. AuCl^. 


^ Chem. Ind,, 1900 , 23 , 25 , 2 

3 Comptes rmd,y 1903 , 137 , 324 , 
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VL-HEAVY OILS 

The Heavy Oils from coal tar — Heavy Oil proper, freed from 
other marketable products, as well as filtered anthracene oil, are 
employed for a variety of purposes. They occur in varying qualities 
and come on the market under special names, such as Creosote Oil, 
Oil for Fuel, Absorption Oils, Carbolineum, etc. 

(a) Creqsote Oil. 

Creosote oil is frequently used as a disinfectant, and is then 
examined by one of the methods described above, but its main use is 
for impregnating various kinds of wood, which have to stand exposure 
in the open, especially railway sleepers, telegraph poles, and the like. 
In the case of sleepers and construction timbers, the oil is forced into 
the wood with the aid of pressure or a vacuum. The consumption 
of creosote oil for wood preservation has become an enormous one in 
recent years, more especially in America. According to Church, 56 
million gallons were employed in the United States for this purpose 
during 1909, a colisiderable part of which was imported from England. 
Tidy^ has described a method of examining samples of creosote 
oil to be used for such purposes. It should, in general, conform to 
the following specification. The oil must be of such a character that 
on distillation a maximum of 3 per cent, distils up to 150"*, a maximum 
of 10 per cent, up to 200°, and not more than 25 per cent, up to 235°. 
The sp. gr. at 15° must be between 1-04 and l*io. At this temperature 
the oil must be perfectly clear. The amount of acid constituents — that 
is, constituents soluble in sodium hydroxide solution of sp. gr. 1-15 at 
15° (phenolic substances) — must be at least 6 per cent. The oil should 
be quite transparent at 40°, and should remain clear when mixed with 
an equal volume of crystallisable benzene, without the separation of 
more than traces of undissolved substances. 

The Distillation Test is carried out in a copper still or glass retort 
of about 300 c.c. capacity, the neck of which is attached to an adapter 
bent at an obtuse angle (Fig. 133). 

The retort is heated on a wire gauze and the distillate collected in 
a 100 c.c. cylinder at the rate of about 120 drops per minute. The 
retort is charged with 100 c.c. of the oil by measuring off 102 c.c, and 
pouring it in through a small funnel; the 2 c.c. in excess remain on the 
sides ^f the measuring cylinde? and of the funnel. The volume of 
distillate is read off at the specified temperatures without interrupting 
the distillation. When the temperature of 235° is reached, the burner 
is temporarily removed, the thermometer replaced by a good cork, and 

^ Cf, Lunge, Coal Tar and Ammonia^, $52. 
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the distillation continued until 85 to 90 per cent, of the oil h^as been 
collected in the cylinder. 

This distillate is used for the estimation of the tar acids, which is 
carried out as follows; — One hundred c.c. of a solution of sodium 
hydroxide of sp. gr. 1-15, which has been saturated with common salt 



to facilitate the separation of the oil, is placed in a stoppered cylinder 
of 250 C.C. capacity, and the contents of the receiver added together with 
25 c.c. of pure benzene used to wash out the receiver. After shaking 
thoroughly, the cylinder is allowed to stand for about an hour, and the 
increase in volume of the lower aqueous layer read off in volume 
percentages. 

The test for solid impurities is made by first warming the oil to 
45° to 50° ; as soon as the temperature has fallen to 40°, 20 c.c. of the 
oil are removed to a test tube and shaken thoroughly with an equal 
volume of pure, crystallisable benzene. The solution should not be 
perceptibly turbid, and should not leave a distinct black spot on filter 
paper. The original oil should also satisfy these requirements at 40°. 

In a communication to the U.S. Bureau of Forestry, T. H. Davies ^ 
prescribes the following tests as necessary for a full examination of a 
commercial creosote for timber preservation : — 

(i) Specific gravity at is°-5, with a hydrometer. (2) Colour and 

^ Soc. Chem. Ind,^ IQIO, 29, 341. 
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appearance by both reflected and transmitted light (3) Absorption 
spot Six drops are allowed to fall on white blotting paper , tar, dirt, 
free carbon, etc, separate at the centre of the spot (4) T r acids, 
determined by shaking 25 c.c. with 50 c.c. of sodium hydroxide of 
sp. gr. I- 1 ; the increase of volume of the alkali, multiplied by 4, gives 
the approximate percentage of^tar acids. (5) Viscosity, by noting the 
relative times required for 50 c.c. erfch of the sample and of water to 
run out from a pipette. (6) and (7) Loss by evaporation on exposing 
10 c.c. on a 3-in. watch-glass for 24, 28, and 72 hours at the ordinary 
temperature, and for 4 and 6 houfs at 90°. (8) Naphthalene content, 
by cooling to 0° the fraction distilling between 200° and 250°. (9) Flash 

point, by the open cup method. (10) Distillation test with 100 c.c. in 
a side-tube fractionating flask connected to a glass tube, 24 in. long, 
serving as an air condenser’ The flask rests upon an asbestos board 
having a 2-in. hole with serrated edges, and is enclosed in an asbestos 
box covered at the top by an asbestos plate, having a hole for the 
thermometer. The oil is distilled at the rate of 2 to 3 drops per second 
throughout, and the thermometer is fixed so that at the commencement 
it just touches the surface of the oil. Fractions are collected up to 200*^, 
200° to 220°, 22o''^to 250°, 250° to 270*", and 270° to 300°. For ordinary 
commercial control, it would probably be sufficient to determine the 
specific gravity, tar acids, and naphthalene, and examine the absorption 
spot. Results obtained with a number of commercial samples are 
shown in the following table : — 


No. 

Sp. gr. at 
15“-5. 

Viscosity 
(water =1). 

1 

Tar 

acids. 

Distillation test. 

Up to 200°. 

200°-220°. 

220°-260°. 

250°-270°. 

270°.300°. 

Kesidue. 




per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

1 

1*019 


12 

14 

21 

33 

12 

8 

12 

2 

1-025 


12 

11 

20 

37 

8 

12 

12 

3 

0-975 



0 

9 

26 

16 

21 

28 

4 

1*036 

i*ik 

ii-5 

8 

10 

28 

10 

13 

21 

5 

1-000 

1-635 


17 

17 

21 

9 

13 

23 

6 

1-035 

1*179 

16 

7 

38 

31 

9 

10 

5 

7 

1-071 

1*501 

10 

1 

9 

29 

35 

15 

31 

8 

1-020 

1-099 

1 11 

7 

24 

43 

10 

10 

6 

9 

1-067 

1*648 

... 

3 

8 

21 

16 

15 

37 

10 

1-018 

1 1*166 


7 

13 

26 

16 

17 

31 

11 

0-986 

1*487 


0 

16 

34 

16 

17 

17 

1*2 

1-037 

1*203 

li 

11 

19 

29 

11 

9 

21 

13 

1*042 

... 

30(?) 

6 

8 

10 

8 

9 

59 

14 

0-971 


25 

0 

6 

35 

20 

20 

19 

15 

1*033 


20 

11 

41 

26 

8 

3 

11 

16 

^•058 

1*115 

6 


15 

29 

13 

13 

25 

17 

0-995 ! 

1*385 

18 

2 

7 

32 

17 

21 

21 

18 

1-016 

1*095 

0 

8 

9 

20 

17 

20 

26 


The samples are described as follows: — No. i. American commercial 
creosote distilled from a mixture of coal tar and water gas tar. No. 2. The 
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same (refined). No. 3. Commercial creosote with some odour of wood 
creosote. Nos. 4, 8, and 12. Commercial American creosote. Nos. 5 
and 9. Commercial American creosote (fictitious). No. 6. Belgium 
creosote as imported into America. No. 7. English creosote as imported 
into America. Nos. 10 and 14. Commercial creosote. No. ir. Scotch 
creosote as imported into America. No. i/;. Wood creosote. No. 15. Scotch 
creosote, special, imported for disinfectants. No. 16. English creosote, 
guaranteed pure coal tar product No. 17. English blast furnace 
- creosote. No. 18. “ Dead oil” from water gas tar. 

Creosote to be used for the manufacture of disinfectants should be 
free from fine carbon, tarry matter, naphthalene, and water, and should 
contain, at least, 10 per cent of tar acids. For the manufacture of wood 
stains, it should have a specific gravity between i-020 and 1-040, a 
minimum naphthalene content, and contain at least lO per cent, of tar 
acids. It is not possible to draw up a general specification for creosote 
to be used for impregnating timber, as widely differing views are held 
by consumers in regard to the constituents to which the preservative 
action is mainly due. 

Coal tar creosote has a specific gravity between i-020 and 1*040. 
Blast furnace creosote is generally of low specific gravity, prac- 
tically free from light oils, of low naphthalene content, and compara- 
tively rich in tar acids. Coke oven creosote is of high specific 
gravity, poor in tar acids, and contains considerable quantities of 
nagjithalene and anthracene oils. Scotch creosote is usually of low 
specific gravity, of very low naphthalene content, contains a fair per- 
centage of tar acids, but also contains readily vo*latilised constituents and 
paraffin derivatives. Belgian creosote has a normal specific gravity, a 
rather high percentage of tar acids, and contains considerable quantities 
of hydrocarbons distilling below 220° ; it evaporates almost completely 
when exposed to the air for six hours at 90°. “ Dead oil ” from water 

gas tar closely resembles coal tar creosote, except that it is almost 
entirely free from tar acids. 

The testing of creosote for timber preservation has also been 
examined by C. N. Forrest,^ J. C. Mann,^ S. R. Church,^ and by C. E. 
Sage.^ Mann deals particularly with the determination of naphthalene. 

Dean and Bateman® have emphasised the importance of the high 
boiling ingredients of creosote, and have suggested a sulphonation 
test 

The solubility in dimethylsulphate is employed as a means o|^ ascer- 
taining the presence of petroleum products which are insoluble in this 
reagent {cf. p. 794). 

^ /. Soc, Ckem, hid ,^ 1911, 30, 193. 

Ihid ,^ 1910, 29, 732. 3 Thid ,^ 1911, 30, 191. ^ Ibid,y 1911, 30, 588. 

® U,S* Dep^ of Agriculture^ Circular No, 98. 
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(Jy) Oil for Fuel. 

This should be a heavy coal tar oil with a flash point of at least 
86*" (Pensky). It should not contain mechanical impurities, and no 
separation of solid constituents should take place at temperatures above 
8°. The content of water should not exceed 0-5 per cent 

% 

(c) Absorption Oils. 

In Bueb’s process for the removal of naphthalene, the coal gas is 
washed with oil to prevent the blocking of gas pipes through the con- 
densation of naphthalene vapour. The oil prepared for this purpose is 
made by the repeated distillation of anthracene oil, so as to remove as 
much as possible of the constituents boiling below 270° ; it is either 
used alone or mixed with 4 per cent of benzol. 

The following method for the examination of these oils is adopted 
by Bueb : — One hundred c.c. of the sample is distilled from a boiling 
flask of 300 C.C. capacity provided with a two-bulb fractionating column 
fitted with a thermometer, and connected with a coildenser having a 
cooling surface of ^300 mm. The distillate is collected in two fractions 
at the rate of about one drop per second. 

Absorption oils containing 4 per cent, of benzene should yield the 
benzene (which distils over up to 120°) as a first fraction up to 200°, 
together with, at most, 2 per cent by volume of distillate, while the 
second fraction, boiling at 200° to 270"“ should amount to about 4 'ptx 
cent with a maximum of 8 per cent. The smaller the volume of dis- 
tillate collected between 200° and 270° the better is the oil. 

In the case of oil without the benzene admixture, the volume of the 
first fraction is less by 4 volumes per cent. The distillate of both kinds 
of oil should not deposit any naphthalene or other crystals when cooled 
to 0° for one hour. 

Washing oil for benzol, which is used in coke oven works for the 
extraction of benzol from coke oven gases, is, according to Spilker, a 
fraction of Middle Oil. Frequently, an oil is specified of which up to 
90 per cent, distils over between 200° and 300°. The distillation test 
is carried out in the copper still used for benzol testing (p. 784). 

(cf) Carbolineum. 

Carbolineum is the name given to an oil which is used for painting 
on wod3 to protect it from rotting and recently also for protecting trees. 
It consists of heavy coal tar oil, so-called green oil (filtered anthracene 
oil) to which small quantities of other wood preservatives are sometimes 
added, such as zinc chloride or resins (colophony). It is usually of a 
brown colour, but is occasionally specially coloured by the addition of 
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aniline dyes soluble in oil. “ Carbolineum Avenarius ” (trade mark) is 
a product manufactured by R. Avenarius ^ by the action of chlorine on 
the oil 

Carbolineum is often imitated by substituting other mineral oils, 
even oil tars, which do not, however, exert nearly so powerful a pre- 
servative action as anthracene oil. ijfccording to Holde,^ the oils 
described as carbolineum for impre|^nating wood are, as a rule, greenish 
black, heavy, coal tar oils having the following properties : — 


Sp. Gr. 

Viscosity at 20° 

Flash point (Pensky) 
Distillation begins at 


i-i 

8 to 14 
over 100° 
200° 
0*7 to o-o8 


Ash, per cent. 

The commercial varieties of carbolineum possess the following 
properties : — 


Sp. Gr. at 15° 

Distillation begins at 
Distillate up to 200°, vol. per cent. 


230 to 270 


Residue 


Carbolineum 

Ordinary Commercial 

Avenarius. 

Carbolineum. 

. 1-128 

1*075 to 1-130 

. over 200° 

200° to 270° 

0 

traces 

t. 0 

^ 4 to 5 

10 

2 to 15 

. Oil 

Oil 


Filsinger^ has carried out comparative investigations of the various 
commercial qualities. 

"^ondurek ^ specifies the following properties for carbolineum : — 
Specific gravity, not below i-i20 ; boiling point, •not starting below 230*^ ; 
viscosity, as high as possible ; flash point, above 120'" ; reddish brown in 
colour and free from solid sediment. 


VI I.—P REPARED TAR (ROOFING TAR, BLACK VARNISH, ETC.) 

The following reliable method of examining prepared tars is due to 
Lunge ; it comprises determinations of specific gravity, viscosity, and 
quantity of volatile matter. 

Specific Gravity. — As described on p. 757. 

Viscosity. — This determination is made by means of Lunge’s “ tar- 
tester,” Fig. 134, which is made of thick-walled glass, weighs about 39 
g., and has a scale of specific gravities from 1-050 to 1-400 on the 
narrow portion. The instrument is used in the same manner as an 
ordinary hydrometer, excepting that ij is not allowed to sink jjito the 
Hquidlill in stable equilibrium, but only till it reaches a certain point 
which lies sufficiently below that corresponding to the specific gravity 
of the tar; for this purpose, the point 1-250 has been chosen as a 

^ Ger. Pat. 46021. s Chem* Zeit,^ 1891, 15, 541. 

Mhuraloh und Felte^ 1905, p. 397. ^ Oist Ckem. Zeit^ 1904, p. 366. 
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practical figure. The determinations are made at a definite tempera- 
ture, usually at 15°, and the tar as measured must be brought to 
within at least half a degree of this temperature by a standardised 
thermometer. Before the actual determination, the tar must be well 
mixed by thoroughly stirring up with a wire stirrer. The tar-tester is 
most conveniently suspended a^ove the cylinder containing the tar by 
means of a spring clip. The instruifient is first dipped into 
the tar up to the mark 1-250, withdrawn, and suspended for 
three minutes by the clip to drain, as there is a difference 
of several seconds in the rate at tvhich a clean instrument 
and one covered with tar sinks in the same tar. As it is 
necessary to take several readings, it is simpler to use an 
instrument which has been merely drained in this way than 
to clean it each time. The tester is then held so that its 
lower end just touches the tar and is allowed to sink by 
its own weight, the time taken to reach the 1*250 mark 
being noted by means of a watch with a seconds hand. It 
sinks very rapidly until the wide portion is immersed, then 
more slowly. If the instrument leans to one side and touches 
the wall of the cylinder, it may be righted by a gentle 
touch from the side without causing appreciable error, pro- 
vided that all downward pressure is avoided. Three or four 
determinations should always be made, the instrument being 
allowed to drain for two to three minutes between each, and 
they should agree to within two to three minutes. By 
allowing the instrument to sink until it comes to rest, a 
determination of the specific gravity of the tar may be 
made at the same time, but it is not so exact as the method 
described. 

Volatile Constituents. — This determination is carried out by 
distilling 100 g. of the tar from a tubulated hard glass retort, wrapped in 
asbestos paper. The distillation is conducted over a naked flame, and 
the distillate collected in a graduated cylinder. A thermometer cannot 
well be used as a check on the distillation, as many of the constituents 
of the tar have a very high boiling point, especially if anthracene oil 
has been used in its preparation- It is distilled down to medium hard 
pitch, a point which is attained with certainty by repeating the deter- 
mination two or three times with fresh quantities of tar. After cooling, 
the retort is broken, and the specific gravity and softening point of the 
pitch determined. A determination of the specific gravity of the 
distillate is also made. By determining the boiling point, percentages 
of naphthalene, phenols, etc., in the distillate, by the methods already 
described, it can be characterised as light oil, creosote oil, or anthracene 
oil (green oil), 
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Methods for distinguishing between prepared tar and gas tar have 
also been described.^ 


VIIL— PITCH 

Coal tar pitch is used as a binding material in the manufacture of 
briquettes, for asphalt manufactu|;e, ro^dmaking, and other purposes. 
Its examination may include determinations of the specific gravity, 
free carbon, mineral impurities, softening and melting points, and 
(according to Muck) the coking-residue. 

According to Spilker, a good pitch for the manufacture of briquettes 
should not contain more than 0*5 per cent, of ash, the softening point 
should not be below nor above 7 S'", from 70 to 75 per cent, should 
dissolve in aniline or pyridine bases, and the coking-residue should not 
exceed 45 per cent. 

Specific Gravity. — This is determined by any of the methods usual 
for solids. Since many samples of pitch are porous or contain air 
cavities (especially hard pitch), they are best examined in the form of 
powder. The approximate specific gravities are : — 

Soft pitch ...... f*25o to 1*265 

Medium soft pitch ..... 1*275 »> ^*280 

Hard pitch ...... 1*285 » i’330 

Free Carbon is determined by extraction with aromatic hydro- 
c^bons, as described under the examination of tar (p. 759). 

Ash is determined in the usual manner by ignition in a porcelain 
crucible, finally using a muffle, as the coke fs only completely burnt 
with some difficulty. 

Muck ^ recommends carbonisation in a crucible, and the examination 
of the coke residue, as an especially useful test of the suitability of pitch 
for briquetting purposes. According to his view the actual quantity 
of coke obtained is of no consequence, but its physical condition is 
important; the coke may be either porous or sintered, and the 
behaviour of the briquette when burnt depends upon the character of 
the pitch from this standpoint. A briquette wffiich crumbles in the 
fire, and finally bursts into fragments, owes this behaviour to the pitch 
which it contains becoming viscous when melted. Pitch which becomes 
thin on melting allows the gases and vapours which are evolved to 
escape quickly and easily, without disintegrating the briquette. There- 
fore, a pitch which forms a porous coke residue, as is the case \^th hard 
pitch containing much free carbon, and also with the soft blast furnace 
pitch collected from the walls of the furnace-gas mains, is not suitable 
for use in briquette manufacture. 

^ Cf. Chem. Centr,^ 1900, ii., S95. 

^ Z. Berg-^ u, Salhmtwesen im Preuss, Siaat^ voL 37. 
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Fuller information on this subject is given In the works of Gurlt^ 
and of Preissig.- 

Softening and Melting Points. — As a preliminary test, a small piece 
of the pitch is kneaded between the teeth when it attains the temperature 
of the mouth. Soft pitch is easily flattened out thus ; medium hard 
pitch requires some pressure fiom the teeth, and is only worked with 
difficulty, whilst hard pitch grates between the teeth and falls to 
powder. 

In the majority of cases this test is sufficient, and gives, with a 
little practice, fairly reliable results. Testing by means of a 
thermometer is, however, more reliable, and is carried out differently 
in different works. In English and German works flat pieces of the 
pitch to be tested, about 4 to 5 mm. thick and of any width, are 
suspended by a wire or thread in a beaker with water at the same 
height as the bulb of a thermometer, and carefully heated by a small 
flame so that the temperature of the water rises only 2° to 3*" per 
minute. From time to time the piece tested is taken out, and tried 
between the fingers, and the temperatures corresponding to the 
following conditions noted : — 

The Softening Pomt^ at which the pitch can be twisted about its 
axis without breaking. 

More Marked Softening Pointy at which it can be moulded into any 
shape with very little pressure. 

Melting Pointy when it drops from the wire. 

Other forms of apparatus for the determination of the softening 
point of pitch have been described by Lunge, ^ F. Muck,*^ E. Schenk zu 
Schweinsberg,^ I. Klimont,® and I. Kovdcs.^ According to P. Kraemer 
and C. Sarnow,® the majority of these methods of estimating the melting 
and softening points are unreliable, as the results depend too much upon 
the individuality of the experimenter, so that differences of from 5^^ to 
10° frequently occur. The same defect arises with EngleFs viscos- 
imeter, the accuracy of which is impaired by the adhesion of the 
substance to the walls of the outlet. Those methods which depend 
upon the timing of the sinking of a heavy body into the sample, 
melted by the application of heat, are much better. Reliable results 
are obtained by the following method, which has always proved 
satisfactory during a long series of tests : — About 25 g. of the pitch 
or asphalt to be tested are put into a small tinplate vessel with a flat 
bottom,-^nd melted at about 150'' ^n an oil-bath of the form shown in 
Fig. I 3 S- 

Die Bej'eiiufig d, StemkohlenhrikettSy Brunswick, 1 880. 

2 Die Presskohlen^Industrie^ Freiberg i, S., 1887, 

® Coal Tar ana Ammonia^ p. 465, ® Ibid,^ 1900, 13, 761. 

Z. anal Ckem.^ 1890, 29, 103. Soc. CJiem, Ind,^ 1903, 21, 1077. 

® Z. angew, Chem,^ 1890, 3, 704, ® Chem. hid^y 1903, 26, 55 * 
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The depth of the molten pitch should be about lo mm. One end of 
a glass tube, about lo cm. long and 6 to 7 mm. bore, with both ends 
open, is dipped into the pitch, and the upper end closed with the 
finger upon removing it, so that the bottom end remains full of pitch ; 
it is then allowed to cool in a -horizontal position. As soon as the 



pitch ceases to run, the portion sticking to the outside of the tube is 
gently removed with the finger. The height of the pitch in the tube 
will now generally be about 5 mm. About 5 g. of mercury are then 
poured on to the pitch in the tube, and the tube suspended in a beaker 
filled with water, which is itself suspended in a second beaker filled with 
water, as shown in Fig. 136. A thermometer is fitted in the inner 
beaker so that the bulb stands at the same height as the level of the 
pitch in the glass tube. The whole is heated over a moderate flame, 
and the temperature at which the mercury breaks through the pitch is 
taken as the melting point of the pitch or asphalt. 

By means of this apparatus several melting point determinations 
can be made together. In the case of asphalt of which the melting 
point is higher than 90°, it is advisable to fill the outer beaker with 
white paraffin or paraffin oil and the inner beaker with a saturated 
solution of common salt or magnesiu^m chloride, ^ 

The melting points obtained by this method are several degrees 
lower than those found by the methods more generally used. They 
are to some extent influenced by the diameter of the tube, the thickness 
of the layer of pitch, and the depth of the column of mercury ; if the 
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same amount of mercury be always taken, a greater diameter of the 
tube is compensated for by the smaller depth of mercury ; the influence 
of the thickness of the layer of pitch is not appreciable within certain 
limits; for instance, thicknesses of 5, 6, and 7 mm. of the pitch gave 
melting points 6i°*5, do^'-S, and 6i°*5, respectively. 

The following comparative determinations by different observers 
show that the results obtained by this method are quite reliable : — 


Origin. 

Soft Pitch. 

• 

Meilium Pitch. 

Hard Pitch. 




“C. 

"0. 

’C. 1 

Grabow i. M. 



51-0 

GS*5 

S0*0 ; 




51*5 

68*5 

80*0 

n 



51*5 

68*2 

so*s 




51*3 

09*0 

80*5 

Niederau i. S. 



j 


83*0 






84*0 

Passing 



.*.*! 


83*5 






84*5 

Erkner 



50**0 

ci*5 

87*0 

n 



50*5 

60*5 

86*0 

)j • • 



51*0 

61*5 1 

, 87*0 


Another method, recommended by F. G. Holmes,^ is to attach 
samples of the pitch to wires by heating the wire and inserting the 
end in a piece of about J in. cube. The wires are then hung by the 
side of a thermometer in a beaker containing 500 c.c. of water, which is 
heated at the rate of about s'* per minute. The melting point is the 
temperature at which the lump of pitch drops off the wire. The 
softening point, or temperature at which the lump can be twisted fairly 
readily, is also determined at the same time. The indications of this 
method are higher than those of the preceding. 

O. Binder ^ rejects the melting point estimation as unreliable, and 
recommends a working test for the valuation of briquette pitch, which, 
he states gives very satisfactory results. His views are based on the 
fact that pitch, strictly speaking, possesses no definite melting point, 
but passes quite gradually from a brittle into a soft condition, and then 
into the liquid state. A small briquette press (Fig. 137), similar in 
construction to those used on the large scale, serves for the preparation 
of small test briquettes. The apparatus consists of the cylinder A) 
with the smoothly bored central cavity C, which is surrounded by six 
smaller bore-holes which serves as heating channels. A perforated 
circular pipe O, fixed under the c;^linder A, is connected with the gas 
supply and used for heating. The cylinder A, rests on the support d, 
and carries centrally the block P, which exactly fits the cylinder space 
C. The stamp B (shown at the side in the figure) fits exactly in the 

^ Cf, Lunge, Coal Tar and A mmojiia^ p. 464. 

2 desierr, ZeiU Berg, Hiittenwesen^ 1899, p. 279 ; Chetn Zdt, Rep*^ 1899, p, 194. 
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hollow cylinder C, and presses the charge contained therein. The 
pressure can be increased as desired, by moving the sliding weight E, 
and its amount in kilograms per square centimetre can be read ofT on 

the graduated lever arm D ; / is a 
small funnel for charging the cylinder 
A wifh material to be pressed, e a 
§mall plate which is fixed on A when 
the samples are to be subjected to a 
crushing test. The arrangement for 
hbating is superfluous, if the cylinder 
is previously heated in an air-bath 
to the required temperature. The 
cylinder is then mounted, filled with 
the weighed and previously warmed 
mixture, and pressure applied by B ; 
the briquette is then finished and is 
removed from A by a prick-punch. 

Mixtures of either sea sand and 
pulverised pitch, or of the briquette 
material evenly grained (by sifting) and pulverised pitch, in different 
proportions, are used for the experiments, and information is thus 
obtained concerning the quantities of a given pitch requisite for 
different kinds of coal. The mixture of sand or coal, with pitch, is 
meide before charging the cylinder, by heating and stirring thoroughly 
with a thermometer of stout glass ; in this way the best temperature for 
the pitch used is ascertained. • 

The experimental results cited by Binder agree well with the 
manufacturing practice of a briquette factory. As regards the dimensions 
of the apparatus, if the briquettes measure 2 sq. cm. 
in cross section, the size is adequate for the estima- 
tion of the relative agglutinating properties. 

An ordinary steel “Diamond mortar’' (Fig. 138), 
is equally serviceable for the preparation of the 
briquette.^ The mortar is heated in a drying oven 
to 100° to 150° before charging with the mixture. 

The mixture of the pitch with sand or coal is made 
by heating in a capacious basin, and the operation 
is finished when the mass becomes pasty and 
vapours are evolved in small amount ; the tempera- ^ 

ture best suited Jor each pitch is tfius ascertained. The pressure is 
applied by three or four powerful blows with a 24b. hammer. 

F. T. Trouton and E. S. Andrews^ employ a torsion method for 

^ Cf, C. Binder, Z, angew, Chem.^ 1905, 18, 954. 

2 FhiL Mag:^ 1904, 7, 347 ; /. Soc, Chem, Ind.^ 1904, 23, 680. 
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determining the viscosity of pitch-like substances. Their apparatus 
consists of a vertical shaft rotating in ball bearings, and provided at 
its upper end with a small wheel wound round with a cord fastened to a 
driving weight, which serves to produce a rotation at constant velocit}^ 
On the lower end of the shaft is a rectangular socket in which fits one 
of the rectangular ends of a^ cylindrical rod of the material to be 
examined, the other end being fi^ied in a similar but rigid socket at 
the foot of the apparatus. A jacket surrounds the test-piece, so that 
determinations may be made at various temperatures. The amount of* 
torsion can be read off on a graduated disc fixed on the shaft 

The following formula has been deduced for the coefficient of 
viscosity : — 

2 T 

where T is the torsion applied, U the relative angular velocity of the 
cylinder per centimetre of its length, and R its radius. 

The following values were obtained with a material sold as 
“ British Pitch ” : — . ^ 

Temperature. Coefficient of Viscositj^. 

5*1 X 

8® 9*9 X 

15 ® i‘3 X 

Constam and Rougeot ^ have given special attention to the valuation 
of coal tar briquettes and of briquette pitch. Their proposed metlmd 
of determining the soluble constituents by extraction with cajbon 
bisulphide is hardly pmcticable in works, as it requires from four .to 
five days. Aniline and pyridine bases are much better solvents for 
these substances, and enable them to be completely extracted in a very 
short time. The same authors propose to determine the pitch con- 
tained in briquettes by extraction wdth carbon bisulphide ; since, how- 
ever, the constituents of coal tar pitch soluble in carbon bisulphide 
vary within wide limits (from 60 to 95 per cent), and on the other 
hand finely divided coal contains up to i per cent, of soluble con- 
stituents, the method, even according to Constam and Rougeot’s own 
experiments, can make no claim to accuracy, especially if the pitch 
content of the briquettes is considered, which as a rule varies between 
5 to 8 per cent. 

K. Leo - has, therefore, worked out a colorimetric method suitable 
for use in briquette factories, by which this important question for 
briquette manufacturers can l>e easily and quickly decided. The 
principle is the same as in Holders method of testing benzine for 
coal tar benzol, ?>., it depends upon the brown coloration of benzol 

^ Gliickauf 1906, 42, 481 ; /. Soc, Chem, Ind.^ 1906, 2$, 631. 

2 Ckm> Zdt.y 1909, 31, 359. 
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in presence of pitch, which is the more intense the greater the 
quantity of pitch dissolved. 

The analysis is carried out as follows : — If it be required to 
determine the average pitch contents of the briquettes manufactured 
during a certain period, samples are taken at intervals of the 
coal and ground pitch before mixingf and of the briquette charge 
as it leaves the stove. The separate samples are powdered and 
thoroughly mixed, and an average sample of from 500 g. to i kilo 
" is then obtained by division. The coal and the briquette mixture are 
dried at 100° to determine moisture. After drying, both are reduced 
to the finest possible powder. To obtain a satisfactory smaller average 
sample of the pitch, the above sample is powdered as finely as possible, 
mixed, and about 50 g. weighed off. This quantity is placed in an 
enamelled beaker of about 250 c.c. capacity, melted in an oil-bath at 
1 50°, thoroughly stirred with a glass rod, and allowed to solidify. When 
the contents of the beaker are completely solid, the oil-bath is again 
heated until the cake of pitch can be lifted out by a glass rod attached 
to it When cold, the cake is broken up in a porcelain mortar and 
reduced to an evenly fine powder. 

The following solutions for comparison are then made with the 
samples thus prepared; (i.) A standard pitch solution. To prepare 
this, 0-05 g. are weighed off exactly and 0-95 g. of the finely powdered 
coal added. This i g. portion containing 0*05 g. pitch, and correspond- 
ing therefore, to a briquette sample with $ per cent, of pitch, is introduced 
quantitatively into a boiling flask of 500 c.c. capacity, which must be 
thoroughly dry inside, and the powder evenly distributed on the bottom 
of the flask; 200 c.c. of colourless benzol {e.g,y purified 90 per cent, 
commercial benzol) are then added and the flask closed with a cork, 
(ii.) Briquette solution ; i g. of the finely powdered briquette sample 
contained in a similar flask is treated in the same way as the pitch. 

Both the solutions are now heated gradually to boiling under an 
inverted condenser. To avoid violent boiling, a second wire gauze, 
covered with asbestos, is placed below that supporting the flasks, so 
that a layer of air i cm. deep is between the two. After boiling for 
exactly half an hour, the solutions are allowed to cool, to- avoid 
evaporation, and about 50 c.c. of each quickly filtered off into a dry 
flask which is immediately stoppered; to obtain a perfectly clear 
filtrate, a double filter is used which must fit the funnel exactly. 
Eggertz tubes of 20 c.c. capacity divi 4 ed into ^ths are emploiyed to 
compare the two filtrates. Care must be taken that these tubes have 
the same internal diameter, and that the stoppers are well ground in. 
About 20 c.c. of the standard pitch solution is poured into one tube, 
which is then stoppered, and into the other tube exactly 10 c.c. of the 
briquette solution ; if the latter is the darker in colour, benzol is added 
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until, after shaking well, it appears the same colour as the pitch solution. 
If, for instance, this point is reached when 4 c.c. of benzol have been 
added, the reading of the tube will be 14 c.c. The solution contained; 
therefore, ^^ths more pitch than the briquette solution ; consequently, 
the percentage of pitch in the briquette sample was 7 per cent, it is 
only necessary to divide the number of cubic centimetres by 2 to obtain 
the percentage. If $ c.c. are originally used instead of 10, the number 
of cubic centimetres obtained gives the percentage directly. 

The distinction between coal tar pitch of different origins (gas tar,* 
coke oven tar, and blast furnace tar*) is easily ascertained by determining 
the free carbon and the ash. Gas tar pitch (except pitch from vertical 
retort tar, which in this respect is similar to pitch from coke oven tar) 
seldom contains less than from 25 to 30 per cent, of fixed carbon ; 
coke oven tar pitch, as a rule, from 5 to 7, rarely above 10 to 12 per 
cent. 

Buchanan ^ states that the origin of a coal tar pitch can be deduced 
with certainty from the results of an ash determination. Blast furnace 
pitch contains from 6-8 to ii-i per cent of ash, whilst pitch from gas 
tar or coke oven tar scarcely ever yields more than o-i per cent. If a 
coal tar pitch yields less than i per cent, of ash it is almost certainly 
not blast furnace pitch. Blast furnace pitch is of but little value for 
most purposes, on account of its want of tenacity and elasticity. 

Coal tar pitch can easily be distinguished from other varieties, such 
as pitch from lignite, wood tar pitch, or stearin pitch, by heating Ae 
sample over a naked flame. The smell so obtained is quite charac-ter- 
istic for each variety ; that from tar pitch is reminiscent of the 
particular tar, and that from stearin pitch resembles that of burning 
fat. The behaviour with petroleum benzine may also be used ; coal- 
tar pitch is almost insoluble, whilst pitch from lignite tar is nearly 
completely soluble.^ 

The solubilities of wood tar pitch and stearin pitch in the same 
solvent are given in the following table,^ due to Davies : — 



In Petroleum Benzine. 

Ash. 

Sulphur. 

Soluble. 

Insoluble. 

Wood-tar Pitch, 1 

» „ 2 . . 

„ ,, 3 . . 

Stearin Pitch 

Per cent. 

24-44 

18-70 

15;S6 

71^5 

Per cent. 
75*56 
81*80 
84*14 
28*95 

Per cent. 

0*20 

1*06 1 

0*48 

5*50 

Per cent. 

0*69 

0*41 

0*59 

0*04 


1 y. Soc, Chem. Ind,^ 1894, 13, 1098. 

2 Scheithauer, MuspratVs Handhick der tecJmkchen Ckemie^ 4th ed., vol. vi., p. 1982. 

2 Chem, and Dr ug,^ 1883, 25, $04 5 Donath and Margosches, Chem, Ind.^ I9C>4j 27, 

220 ; and Graefe, Chem, Zeit,^ 1906, 28, 298. 
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The differentiation of coal tar pitch from natural asphalt and its 
detection in mixtures with the latter is treated of at length in H. 
Kohler’s book, Clmnie tmd Technologie der 7 iaturliche 7 i imd kimstlichen 
Asphalte, 1904, pp. 346 et seq.^ in which further details on the examina- 
tion of coal tar pitch, with special reference to the asphalt industry, are 
also given. r 
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ORGANIC DYES 


By Professor R. Gnehm, Zurich. English translation revised by 
John CannelIL Cain, D.Sc., Ph.D. 

L— SYNTHETIC ORGANIC DYES 

PART I 

Raw Materials and Intermediate Products employed 
IN the Coal Tar Industry 

a. raw materials OBTxUNEE from CbAL TAR 

The starting-point for the manufacture of coal tar colours is the 
tar obtained as a by-product in the manufacture of illuminating gas 
and coke. This by-product is submitted in the tar distilleries to a 
preliminary separation into its chief constituents, which are then 
worked up for the manufacture of dyes, partly in the dyeworks, partly 
in other factories (aniline works, anthracene refineries). 

• 

I. Benzene, CgH^.^ 

Benzene, one of the most important substances in the colour 
industry, is, in the pure state, a colourless liquid, boiling point 8o°-S, 
sp. gr. 0-899 at o'", and 0-8759 at 22°.^ It solidifies in the cold to a 
crystalline mass, melting at 5°-4. Benzene and water are mutually 
miscible to a slight extent. A change of volume does not take place 
when water is mixed with a quantity of benzene sufficient to saturate 
it The mixture has a sp. gr. of 0-9979 ^.t 22°, and contains 0-082 volumes 
of benzene per 100 volumes of water. When, however, benzene is 
mixed with water, a contraction is observed, 1000 c.c. of benzene and 
2- 1 1 C.C. of water occupying 1001-35 c.c. The mixture has a sp. gr. 
of 0-8768 at 22°, and contains o-2ii volumes of water per 100 volumes 
of benzene. 

The technical name “bAizene” denotes products of varying 
quality. The pure hydrocarbon is generally termed ‘‘ benzene,’’ and the 
commercial products which consist of benzene and its homologues? 

1 Cf . this Voh, p, 779. 

2 W. Herz, 1898, 31, 2669. 
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benzols.” For the purposes of the colour industry, the following are 
of importance : — 

Almost chemically pure Benzene (“ pure Benzene as employed in 
the preparation of resorcinol, pure nitrobenzene, etc., distils within o°-5, 
solidifies on cooling to a white, crystalline mass, and should not contain 
either carbon bisulphide or hydrocarbons <vhich cannot be nitrated. 

Ninety per cent. Benzol and 50 per cent. Benzol are mixtures of 
benzene and its homologues, their compositions being such that ninety 
and fifty volumes per cent respectively distil up to 100°. On distilling 
the residue, the temperature should not exceed 120°. 

In addition to the preceding, the terms light and heavy benzol 
are used. (These terms refer to the boiling point, and not to the 
specific gravity.) 

The benzols occurring in commerce are mostly the 50 per 
cents, and 90 per cents. These show approximately the following 
behaviour on distillation : — 


Vohmte per cent. 



50 per cent. Benzol. 

90 per cent. Benzol, 

Up to 85" 

0 

20 

,, 90^* 

5 

52 

„ 95" 

25 

12 

„ 100" 

20 

6 

„ 105" 

14 

5 

„ 115" 

- 17 

3 

„ 120" 

13 

0 

» 

Total . 

94 

98 


Evidently these figures do not in any way represent the actual 
content of benzene. In addition to this hydrocarbon, these benzols 
contain toluene, the xylenes, and higher aromatic hydrocarbons. 
Formerly they were employed directly for the preparation of the 
aniline oils, ‘‘aniline for red” {i.e., for the manufacture of magenta) 
being obtained from 50 per cent, benzol and “aniline for blue” {i.e.^ 
for the manufacture of spirit and soluble blues) from 90 per cent, 
benzol. Now the purity of the aniline oils must satisfy more stringent 
demands, and the crude benzenes, therefore, are submitted to a prelim- 
inary very careful fractional distillation. 

Benzene, which is to serve for the manufacture of “ aniline for%blue,” 
must distil constantly within o°*5, and must not develop more than a 
faint coloration when shaken with concentrated sulphuric acid. 

The crude mixture of benzene and toluene is rarely used 
for the manufacture of “aniline for red”; usually these hydro- 
carbons are separated from one another and converted into aniline 
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and toluidine, which are then mixed in the requisite proportions. 
For this purpose, however, the purification of the hydrocarbons need 
not, as a rule, be carried out very carefully. Crude benzene always 
contains thiophen and its homologues, which were formerly overlooked 
but now for the most part are removed by treatment with concentrated 
sulphuric acid. % 

The first runnings of a ben^ne distillation (substances boiling 
below 8o°) contain carbon bisulphide, acetonitrile, acetone and other 
ketones, and aliphatic hydrocarbons. ^ 

For the detection and estinmtion of carbon bisulphide in com- 
mercial benzol, see this VoL, p. 795, and of thiophene, p. 797. 

Detection of Aliphatic Hydrocarbons. 

The higher aliphatic hydrocarbons have nearly the same boiling 
points as benzene and its homologues, and occasionally occur mixed with 
these. They are most easily detected by the fact that they cannot be 
nitrated. When a crude benzol is treated with nitric and sulphuric 
acids, all the aromatic hydrocarbons are converted into high boiling 
nitro-derivatives, from which the unchanged fatty hydrocarbons are 
readily separated by distillation. See this VoL, p, 793, for further 
details of the detection of petroleum benzine in coal tar benzene. 

For the fractional distil- 
lation a distilling flask is 
used, which is connected to 
a condenser or simply to a 
glass tube, and is fitted 
with a thermometer, the 
bulb of which is placed just 
below the side tube of the 
flask, as shown in Fig. 139, 

One hundred c.c. of benzol 
are heated slowly, the tem- 
perature at which the first 
drops pass over being 
noted, and the distillation 
continued at such a rate 
that the condensed liquid 
falls in single drops. The 
distillate is received in a 100 c.c. measuring cylinder in which readings 
are taken at every 5°. 

2. Toluene, C^rHg. 

Pure toluene is a colourless liquid, boiling point in'*, sp. gr. 0*882 
at and 0*872 at is"*. It solidifies at about —98° (distinction from 
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benzene), and dissolves completely when shaken with concentrated 
sulphuric acid and warmed. In the colour industry it serves for the pre- 
paration of the nitrotoluenes, the toluidines, benzyl chloride, benzylidene 
chloride, benzotrichloride, and indirectly of benzaldehyde and benzoic 
acid. 

For its examination a determinatioi? of the boiling point and a 
fractional distillation (see Benzene) must be made. Pure commercial 
toluene must distil within « 


3. Xylene*, CgHio. 

Three isomeric xylenes are known : 

I . o-Xylene, — A colourless liquid, boiling point 141° to 142°, is 
completely oxidised by chromic acid, and is oxidised by dilute nitric 
acid to (7-toluic acid, melting at I02^ 

II. m-Xylene . — A liquid, boiling point 139'', is not attacked by 
dilute nitric acid, and is oxidised to ^k^?phthalic acid by chromic acid. 

III. p-Xylene, — A colourless crystalline substance, melting point 
I s^ boiling point / 37 °*S to 138°. It is oxidised to /-toluic acid (melting 
at 178*') by dilute nitric acid, and to terephthalic acid by chromic 
acid. 

The xylene obtained from coal tar by fractional distillation is a 
mixture of the three isomerides. The predominating constituent, 
however, is always m-xylene, which comprises nearly 75 per cent, 
vWSlst j!^-xylene is present to the extent of some 20 per cent, and 
^?-xylene at most to a few units per cent , 

For the separation of the three xylenes from one another, see 
this Vol., p. 791. 

Xylene is used for the preparation of the xylidines which are 
employed on the large scale. For its examination, the boiling point 
is determined. Commercial xylene distils within 

4. Naphthalene, CzoHs- 

In the pure state naphthalene forms large, colourless, crystalline 
leaflets with a peculiar, unpleasant odour. Its specific gravity is 1*158 
at 18°, melting point 79°* 2, boiling point 218°; it sublimes, however, 
even at the ordinary temperature. It is insoluble in water, and 
sparingly soluble in light petroleum, but dissolves easily in benzene or 
hot alcohol. 

Naphthalene is employed in the col(^r industry for the manufecture 
of mono- and •di-nitronaphthalenes, naphthylamines, naphthols, 
dihydroxynaphthalenes, aminonaphthols, and phthalic acid. 

It is put on the market in an almost chemically pure state. It 
must be quite white and must volatilise without residue, show the 
correct melting point, and distil almost entirely within It ought 
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to give only a faint coloration when shaken with concentrated sulphuric 
acid For further details, see this Vol, p. 802. 

5 . Anthracene; 

Pure anthracene forms colourless plates with a fine blue fluorescence, 
melting point 216^*55, boiling 5 >oint 351". It is insoluble in water, and 
sparingly soluble in alcohol, ether, light petroleum, or cold benzene, but 
dissolves easily in boiling benzene and in glacial acetic acid. It forms 
with picric acid a compound which separates from benzene in red' 
needles, melting at 170°. When a solution of anthracene in benzene 
is exposed to sunlight for a long time, it is changed into a polymeride, 
dianthracene, melting point 244^, which is almost insoluble in benzene* 
Oxidising agents convert anthracene into anthraquinone. 

As the source from which synthetic alizarin is manufactured, 
anthracene constitutes one of the most important raw materials of the 
coal tar colour industry. The purity of the commercial article varies 
to an extraordinary extent. Its analysis is described on p. 804. 
The qualitative examination must include the test !br carbazole, the 
presence of which is very detrimental in the manufacture of alizarin, 
and is shown by the green coloration produced when commercial 
anthracene is dissolved in a mixture of nitric and sulphuric acids. 

6. Nitrobenzene, 

The nitrobenzene employed in the coal tar colour industry now 
generally consists of t^ie pure product. Formerly a distinction was 
drawn between light and heavy nitrobenzene (these terms refer to the 
boiling point and not to the specific gravity), the first name denoting 
almost pure nitrobenzene, the latter a mixture of this with nitro- 
toluene and higher homologues. Pure nitrobenzene is prepared from 
pure benzene, and serves for the manufacture of aniline, benzidine, 
metanilic acid, and nigrosine. 

Pure nitrobenzene is a colourless, highly refractive liquid with an 
odour of oil of bitter almonds; sp. gr. 1-209 at 15°, boiling point, 20S^ 
FriswelP gives Dfo’®i*222, D^fM93i,and boiling point 209° 

(corn) at 760 mm. It solidifies in the cold to a crystalline mass, 
melting at 3°. It is practically insoluble in water, and is miscible 
in all proportions with alcohol, ether, or benzene. It is converted into 
anilinejjy most reducing agents such as tin and hydrochloric acid, iron, 
and acetic acid, etc., into azobenzene by alkali hydroxides and zinc 
dust, and into phenylhydroxylamine by careful reduction with zinc 
dust and water or by sodium amalgam. 

In the examination of the commercial product, the boiling point is 

1 /. Chein. Soc,^ 1897 , 
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of chief significance. During the distillation, superheating must be 
carefully avoided, since explosions occasionally occur. 

Some samples of nitrobenzene gave the following relations between 
the boiling points and the specific gravities : — 


Spec. Gray, at 15°. 

Per cent, distil^ng at 

Total. 

204° 

206° 

20S° 

1-209 

2 

86-2 

6-8 

95 

1*2084 

12 

82 

3-5 

97-5 

1-2076 


80 

15 

95 


Nitrobenzene, which is used for the manufacture of aniline, must 
distil, however, almost completely within 

7. Nitrotoluenes, QH^.NOg. 

Only two of the three isomeric nitrotoluenes are used technically 
to any large extent. 

1. o-Nitrotoluene^ a yellowish liquid, boiling point 222'' to 225."* 

2. ^-Nitrotoluene^ a colourless, crystalline solid, melting point 54°, 
boiling point 236°. 

Both isomerides are formed by the nitration of toluene ; when the ‘ 
operation is carried out under the ordinary conditions, about 60 to 65 

cent, of the ortho- and 40 to 35 per cent, of the para-compound 
are obtained, the meta-compound, which is of less technical importance, 
being formed to the extent of 2 to 3 per cent The separation of the 
mixture is effected by fractional distillation under diminished pressure. 

Ortho- and para-nitrotoluene are put on the market in a state of 
considerable purity. The former is tested by its boiling point, and the 
latter by its melting point. 

The estimation of /-nitrotoluene may be carried out by the colori- 
metric method proposed by Reverdin and De La Harpe.^ This is 
based on the fact that /-nitrotoluenesulphonic acid, when boiled with 
soda, is easily converted into dinitrostilbenedisulphonic acid, which 
gives a red colour when dissolved in alkali, whilst the corresponding 
ortho-compound is not attacked by soda, and the alkaline solution 
is yellow. Two c.c. of pure ^?-nitro toluene are heated on a water- 
bath with 6 c.c. of sulphuric acid (containing 25 per cent, of 
sulphur trioxide) for three hours, the* product cooled and dilftted to i 
litre. In a similar manner, a mixture of ^?-nitrotoluene (ninety-six parts) 
and /-nitrotoluene (four parts) is sulphonated, and the product diluted 
to 200 C.C. In determining the amount of /-nitrotoluene, the substance 
^ Bull, Soc, Chim,^ 1888 [ii.], 50, 44. 
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and nitfotoluene (containing 4 per cent of the para-compound) are 
sulphonated, the products diluted to 200 c.a, and the colours, which are 
obtained by mixing i c.c, of each solution with 5 c.c. of aqueous soda, 
are compared. If the sample to be analysed gives a stronger colour, a 
measured quantity (20 to 50 c.c.) is progressively diluted with the 
solution of i?-nitrotoluenesulphg>nic acid until i c.c., when heated with 
S c.c. of aqueous soda, gives the sam^ amount of colour as the solution 
containing 4 per cent The percentage of /-nitrotoluene can then be 
calculated. 

A method for the volumetric (estimation of /-nitrotoluene in crude 
nitrotoluene is given by B. Glasmann.^ The nitrotoluene is reduced to 
toluidine, and the /-toluidine is precipitated by a 5 per cent, ethereal 
solution of oxalic acid; the precipitate is washed, covered with warm 
water, and titrated with sodium hydroxide (modification of Rosenstiehf s 
method for the estimation of /-toluidine in the presence of (?-toluidine. 
See p. 864. Cf. also Holleman’s method, p. 866). c?-Nitrotoluene is 
employed in the manufacture of (?-toluidine and of tolidine. The para- 
compound finds application in the preparation of certain dyes. 

8. Nitronaphthalene, C10H7.NO2. 

Of the known nitro-derivatives of naphthalene only the a-modifica- 
tion is employed technically. It is used exclusively in the manufacture 
of a-naphthylamine. In the pure state it forms yellow prisms, melting 
point 61°, boiling point 394°, is insoluble in water, and dissolves easil;- 
in alcohol or ether. The technical product is tested by determining its 
melting point. 

9. Dinitrobenzene, CeH/N02)2- 

Only the meta-isomeride of the dinitrobenzenes finds technical 
application. It is used almost exclusively in the manufacture of m- 
phenylenediamine, the intermediate product in the preparation of 
chrysoidine, Bismarck brown, cotton blacks, and other dyes 
acridine derivatives). 

Pure ;;2-dinitrobenzene forms long, almost colourless needles, 
melting point 90°. It dissolves easily in alcohol or ether, but not in 
water. The technical product consists usually of a more or less pure, 
yellowish crystalline cake. It should not be strongly contaminated 
with nitrobenzene, which is easily detected by its odour and by the 
lower mjglting point of the product, and should be neutral and give a 
clear solution in alcohol. 

The presence of small quantities of the two isomerides of higher 
melting point may be neglected. Mechanically retained nitric acid is 

^ c/i£m» Zeit.y 1904, 2B, ; Ber.^ 1903, 36, 4260. 

3 H 


II 



852 


ORGANIC DYES 


frequently present. In testing it the melting point and the solidifying 
point are determined. 

Dinitrobenzene is prepared by treating nitrobenzene with nitric and 
sulphuric acids at a temperature higher than that used in the case of 
nitrobenzene. 

10. Dinitrotoluenfe C7Hg(N02)2. 

The dinitrotoluene, which is obtained by the energetic treatment of 
, toluene with nitric and sulphuric acids, consists chiefly of the 
* asymmetric meta-compound (CH3 ;N02 : i : 2 : 4, melting point 

yo'^-s). It is used in the preparation of tolylenediamine, which, like 
phenylenediamine, is employed in the production of yellow, brown, and 
black dyes. It comes on the market in the form of a yellow cake, 
which should not be oily, and should be free from the odour of 
nitrotoluene. 

II. Aniline and the Toluidines. 

An account of the pure bases will be given before that of the 
technical products. 

(a) Aniline, 

Pure aniline is a colourless, oily liquid, with a peculiar odour, which 
slowly turns brown in the air. It solidifies in the cold to a laminated, 
crystalline mass melting at 8°; its sp. gr. is 1-036 at 1-0267 at 
,1^5°, 1-0158 at 22°, and it boils at 184°. This boiling point is 
determined at 760 mm. and by a thermometer wholly immersed in 
the vapour. The boiling point is, under the ’'usual conditions of the 
determination, 181° to 183°, according to the pressure. Aniline is 
miscible with alcohol and ether. 

Water dissolves aniline to some extent when shaken with it. 
Conversely the aniline takes up some water. This fact is of special 
importance because commercial aniline is distilled with steam and 
separated from the condensed water ; although the oil is finally distilled 
under diminished pressure, whereby most of the water distils first, yet 
it may even then contain traces of water. The mutual solubilities of 
aniline and water have been tabulated by Alexeeff : — 


Temperature. 

100 parts of water 
dissolve of aniline. 

Temperature. 

100 parts of aniline 
dissolve of water. 

16° 

3-1 


4*6 

56° 

3-5 

25° 

4*98 

82° 

5*1 

39° 

5*43 



68° 

6*04 


When water is mixed at 22"" with the necessary quantity of aniline, 
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a change of volume does not take place ; ^ the amount of dissolved 
aniline is 3'48i volumes per loo volumes of water, and the sp. gr. of 
the solution is 0-9986. On the other hand, a contraction occurs when 
aniline is mixed with water ; 1000 c.c. of aniline and 52-22 cc. of water 
occupy 1049-55 c.c. The solution of aniline has no action on red 
litmus paper. Aniline is, however, a well-defined base ; it unites with 
one molecule of a monobasic acid to form well-crystallised salts. All 
of these have an acid reaction, even when they contain an excess 
of the base ; the acid, therefore, can be titrated as though it were 
uncombined.2 * 

Free aniline can be detected in the presence of an aniline salt by 
the behaviour of the former with copper sulphate. A solution of copper 
sulphate, quite free from acid, is coloured greenish brown by free 
aniline, whilst aniline salts do not give the reaction. The test, which 
is fairly sensitive, affords a simple means of exactly neutralising aniline 
with an acid. 

The behaviour of free aniline with certain azo dyes, particularly 
Congo red (see below and Vol. L, p. 77), can also" be used for its 
detection and acidimetric estimation. Congo red is turned blue by 
acids, and free aniline restores the red colour ; the base can therefore 
be titrated with uV-acid, using the dye as an indicator. It is best to 
standardise the acid against pure aniline. At the same time, any 
ammonia or other free alkali present can be titrated separately with 
litmus and allowance made for it The results obtained by this method 
are not very exact, and it is always safer to titrate aniline with sodium^ 
nitrite (see p. 928). 

Of the salts of aniline, the sulphate is sparingly soluble, whilst the 
hydrochloride dissolves fairly readily in water. 

Aniline gives the following reactions : — 

An aqueous (not acid) solution is coloured violet by hypochlorites 
(Runge’s reaction). 

A solution in concentrated sulphuric acid becomes at first red and 
then blue by the addition of a small particle of potassium bichromate 
(Beissenhirz*s reaction). 

Potassium bichromate produces in an acid solution of aniline 
sulphate a dark green precipitate which becomes violet-black (aniline 
black) by a further addition of the reagent On heating the mixture, 
/-benzoquinone (melting point 127*^) distils over. Various other 
characteristic colour reactions are described by Peset^ 

When heated with glacial a<?etic acid, aniline yields acetanilide, 
melting at 112°. 

^ W. Herz, Ber,^ 1898, 31, 2669. 

- Lunge, DingL polyL 1884, 251, 40 ; Ckem. Ind.^ 1893, 16, 490. 

^ 2', anaL Ckem,^ 1909) 48, 37. 
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The value of all of these reactions is doubtful when aniline has to 
be detected in a mixture of different bases. 

(6) Toluidines, 

f. o-Tohiidine , — A colourless liquid, ijDoiling point 198°, sp. gr. 1-003 
at 16'’, which turns brown in the aif. 

Its solubility in water is similar to that of aniline. It is also a well- 
, defined base, forming crystalline salts having an acid reaction, which 
show in general the behaviour of aniline salts. The hydrochloride is 
more easily soluble than that of aniline, but the nitrate and the picrate 
differ, in their sparing solubility, from the corresponding salts of aniline. 
The oxalate is soluble in two hundred and fifty parts of ether (distinction 
from /-toluidine and from aniline). When boiled with glacial acetic 
acid {?-toluidine yields the acetyl derivative, melting at 1 10°. 

An acid solution of ^?-toluidine in sulphuric acid behaves towards 
chromic acid like aniline, yielding a substance analogous to aniline 
black. By boiling the mixture, toluquinone, melting at 67°, is 
formed. 

When a solution of (7-toluidine is shaken with ether, treated drop by 
drop with a solution of bleaching powder, again shaken, and the 
ethereal layer removed and brought into contact with slightly acidified 
water, the latter acquires a purple-red coloration (Rosenstiehl). 

An intense emerald-green colour is produced when ferric chloride 
^s added to a faintly acidified solution of (?-toluidine containing pure 
^-tolylenediamine (Nietzki). • 

2. m-Toluidine occurs in aniline oil only in traces, and its presence 
can generally be neglected. It is very similar to the preceding base, 
boiling at 197°, and having a sp. gr. of 0*998 at 25°; it differs from 
^-toluidine chiefly in the lower melting point of its acetyl derivative, 
bS°-S. Other reactions have been little studied. Like ^?-toluidine, it 
yields toluquinone on oxidation. 

3. ^-Toluidine crystallises in colourless leaflets, melting at 45'', 
boiling at IPS'", and having a sp. gr. of 1-046. It is slightly soluble in 
cold water but more readily in hot, and dissolves easily in alcohol, 
ether, or benzene. The base has a neutral, and the salts an acid, 
reaction. The hydrochloride is rather less soluble than that of 
<?-toluidine or .aniline. The picrate and the nitrate are more easily 
soluble, whilst the oxalate is characterised by its sparing solubility in 
water, and its almost complete insolubility in ether. When btSled with 
glacial acetic acid, it yields the acetyl derivative, melting at 153°. 

When a slightly acid solution of /-toluidine is treated with potassium 
bichromate, an iridescent brown crystalline precipitate is formed, which 
dissolves in alcohol with a dirty violet colour. In dilute solutions a 
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reddish violet coloration is produced. A quinone is not formed on 
boiling with an excess of potassium bichromate. 

A mixture of <?-, and /-toluidine is formed when toluene is 
nitrated, and the product reduced by iron and acetic or hydrochloric 
acid. Such a mixture usually contains i?-toluidine in preponderating 
amount, a considerable quanfity of /-toluidine, and only traces of 
///-toluidine. A great part of the /-toluidine cr}^stallises out when the 
mixture is strongly cooled. 

When a complete separation is desired, as, for example, in the ' 
preparation of the purest possible ^-toluidine, the method proposed by 
Rosenstiehl may be used. This process depends on the fact that 
/-toluidine is a stronger base than (^-toluidine. When sulphuric acid is 
added to a mixture of the two bases, in a quantity insufficient to 
neutralise both, the acid combines preferably with the /-toluidine, and 
by a subsequent distillation with steam a product richer in ^?-toluidine 
is removed. By several repetitions of the process, nearly chemically 
pure <?-toluidine is obtained, whilst /-toluidine can be isolated, by 
crystallisation, from the non-volatile residues. 

Another method, introduced by Friswell,^ consists In mixing the oil 
with ice, whereby the crystalline hydrate of /-toluidine is" formed ; this 
is drained from the i?-toluidine and distilled, when pure /-toluidine is 
obtained. 

Pure c?-toluidine can only be obtained by the crystallisation of its 
nitrate.^ 

The toluidines are now usually manufactured by reducing the 
corresponding pure nitro'toluenes, which, as already stated, are separated 
by distillation under diminished pressure. 

(c) Xylidines, CgHg.NHg. 

The six isomeric xylidines which are theoretically possible are all 
known. Four are present in the crude xylidine which is obtained by 
nitrating crude xylene and reducing the resulting mixture of nitro- 
xylenes. Only two of these, however, are present in large quantity, 
the amounts of the other two being negligible. 

r. m-Xylidine (NHg : CH^ : CHg= 1:2:4), boiling point 21 2"", sp. gr. 
0*9184 at 25°, constitutes 45 to 60 per cent of commercial xylidine. 
The hydrochloride crystallises well and is rather sparingly soluble. 

2. ^-Xylidine (NH2 : CHg : CH3= 1:2:5), boiling at 21 s'" under 739 
mm. pressure, sp. gr. 0*980 at i^°, is present to the extent of 10 to 
40 per cent in commercial xylidine. When a mixture t)f the two bases is 
sulphonated with fuming sulphuric acid, the sulphonic acid of //^-xylidine 
alone crystallises out on mixing with water. The base is regenerated 

1 /. Soc , Chem , Ind ,, 1908, 27, 358. ^ Schad, Ben ^ 1873, 6, 1361. 
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by heating the sulphonic acid with hydrochloric acid under pressure. 
/-Xylidine forms an easily soluble sulphonic acid, the sodium salt of 
which crystallises well. The latter yields /-xylidine on dry distillation.^ 

Technical Aniline Oils. 

Technical aniline oils are prepared i^ the larger colour works them- 
selves, and also in aniline works. 

Although it is of the utmost importance to know the qualitative 
and the quantitative composition of an aniline oil, yet even now there 
is, in practice, an almost entire lack of trustworthy methods for the 
determination of all the individual constituents. In most cases the 
manufacturer is satisfied by the determination of the specific gravity 
and of the boiling point, and seeks to ascertain empirically whether the 
oil in question is suitable or not for the desired purpose. The 
determination of the boiling point will be described in some detail, 
as it is the most important method of ascertaining the approximate 
amounts, for example, of the two constituents of a mixture of aniline 
and toluidine. For this purpose it is by no means sufficient to deter- 
mine the range of temperature within which the substance in question 
distils ; it is more important to ascertain the quantity which passes over 
at a definite temperature. The most convenient apparatus is an ordinary 
distilling flask, placed on a sand-bath and connected to a suitable 
condenser : a cylinder graduated in c.c. is used as the receiver. A 
^thermometer is placed in the neck of the flask so that the bulb is 
about I cm. below the side tube. One hundred to two hundred c.c. 
of the oil are distilled slowly and the distillate is collected from degree 
to degree in separate cylinders. The first portions are not taken into 
account since the thermometer will not have acquired the temperature 
of the vapour, and moreover they contain water. Special thermometers 
for the distillation of aniline are made, the scale of which begins at 1 50° 
and is divided into fifths or tenths of a degree. 

The mistake must not be made of deducing the percentage content of 
a substance, boiling at a certain temperature, from the magnitude of 
the fraction which distils at this temperature. The whole estimation 
has only a relative value. To determine, for example, the approximate 
amounts of aniline and toluidine in a mixture of both, the following 
method must be adopted. Different mixtures, containing known 
quantities of the two bases, are prepared and distilled separately, and 
that one is noted which most nearly resembles the unknowt^mixture 
in the magnitude of the individual fractions. In so doing, it is necessary 
to work, as far as'possible, in the same flask, with the same thermometer, 
and at the same pressure, and also always to distil, as nearly as possible, 
at the same rate (generally too c.c. in half an hour). After a little 
^ Noelting, Witt, aiid Forel, Ber,^ 1885, 18, 2664. 
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practice* the basic mixture is soon found, the composition of which 
corresponds approximately with that of the oil under examination. In 
certain continually recurring investigations an aniline oil which fulfils 
the required conditions is selected as a “ type,” and oils which behave 
like the t3^pe on distillation are passed as satisfactor)^ In addition to 
the boiling point it is customsw'y to determine the specific gravity, the 
value of which, however, is even more relative than that of the former. 
Generally the specific gravit^^ is in the inverse ratio to the boiling point. 

The contamination of aniline oils with nitrobenzene and hydro-, 
carbons, which happens occasionally, is most easily detected by the 
incomplete solubility of the oils in dilute hydrochloric acid, and with 
still greater certainty by shaking the acid solution with ether and 
evaporating off the latter. 

The moisture in aniline, and in n- and ;)-toIuidine is determined 
by O. Dobriner and W. Schranz^ by ascertaining the quantity of a bro- 
mine solution, prepared according to Reinhardt’s directions (p. 860), 
taken up by equal weights of the undried and of the dried substance. 
If the undried and the dried substances require a and^ c.c. respectively, 
the amount of moisture, F, is calculated from the equation : — 

a\h ^ (100 -F) : 100. 

It is immaterial whether the substances under examination are, apart 
from the water, pure or mixtures of aniline and toluidine ; in the latter 
case the ratio of the constituents is the same in the dried as in the 
undried substance. 

Aniline and ^7-toluidine are easily and completely dried by treat- 
ment, best in two operations, with ignited potassium carbonate. 
/-Toluidine, however, cannot be obtained anhydrous even by treatment 
with fused potassium hydroxide at about 50°; moreover, the base 
apparently does not remain quite unattacked under these conditions. 
Since commercial /-toluidine contains only a small quantity of aniline, 
it is sufficient for technical purposes to distil the /-toluidine and to 
stop the operation when 10 per cent has passed over. The residue 
in the distilling vessel is regarded as anhydrous. 

Pure Aniline Oil. 

Aniline oil was formerly put on the market in two qualities — namety, 
'‘Aniline for Blue” and "Aniline for Red,” the former being the 
purest aniline obtainable, necessary for the manufacture of spirit and 
and soluble blues, and the latter being used for the manufacture of 
magenta, and consisting of a mixture of aniline and the toluidines. 

Now, however, pure aniline only is manufaclured, and, where 
necessary, it is mixed with the pure 0- and /-toluidines in the requisite 
proportions. 

^ Z. anal, Chem.^ 1S95, 34 » 
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The specific gravity of aniline oil varies between 1-0265 and i"o267 at 
15°. Of a good sample 95 per cent, should distil within The 

boiling point depends on the pressure and lies between 181° and 183°. 

A quite clear solution should be given by 10 c.c. of the oil, 50 c.c. of 

water, and 40 c.c. of hydrochloric acid. ■ 

A. Liebmann and A. Studer ^ estirKate the water and sulphur and 
determine the specific gravity, the boiling point, and the solubility in 
hydrochloric acid in the following way: — The water and the boiling 
. point are determined in one operation. For this purpose 100 c.c. of the 
oil are distilled in an ordinary flask'; the first 10 c.c. are collected in a 
narrow, graduated cylinder of 15 c.c. capacity, shaken with i c.c. of 
saturated brine, and the volume of the latter is read off. The method 
will not show the presence of less than 0-3 per cent, of water, con- 
sequently 0-3 C.C. must always be added to the amount of salt solution 
observed. The distillation is now continued and each 10 cc. of the dis- 
tillate collected. Ninety-five per cent, of the oil should distil within 
The specific gravity of the distillate is determined, and should be 1-0265 
to 1-027 at 15°. • 

The presence of non-basic impurities is detected by a determination 
of the solubility in dilute hydrochloric acid. 

By boiling the oil under examination, using a reflux condenser, the 
sulphur is converted into hydrogen sulphide, which is estimated by 
driving it by a current of carbon dioxide into a standard silver solution, 
the excess of which is determined after filtration, 

. Francois 2 recommends a volumetric method for the estimation of 
aniline in solution, which depends on the formation of tribromoaniline. 

The indicator is indigotinsulphonic acid, which is decolorised when ' 

the aniline is changed completely into tribromoaniline by bromine water. 

The aniline can be titrated either in the free state or as the hydro- 
chloride with an excess of hydrochloric acid, and even in the form of 
a solution containing about o-oi g. of aniline per litre. The requisite 
bromine water must contain about 5 g. of bromine per litre ; it is 
standardised against arsenious acid, using indigo as the indicator, or 
against a solution of pure aniline hydrochloride (1-392 g. per litre). 

When aniline oil is heated with arsenic acid or mercuric chloride, 
blackish violet dyes, insoluble in water, are formed together with very 
small traces of rosaniline. 

Aniline oil is obtained by the reduction of the purest possible 
nitrobenzene. 

Aniline salt (aniline hydrochloride)* forms large leaflets or needles, 
usually of a greyish or greenish grey colour, which are easily soluble 
in water and alcohol; it melts at 196°- 5 to 196°- 8 (shortened Zincke 

^ y*. Si?c, Ckem, Ind,^ 1899, 18, iio. 

2/. Pharm* Chim^ 1899 [vi.], 9, 821. 
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thermometer) in a bath previously heated to iSo*", and volatilises 
undecomposed at a higher temperature. 

The solution in water should be clear, should not decolorise safrosin 
paper, and should give at most only a faint turbidity with a solution 
of barium chloride. The presence of uncombined aniline is detected 
by means of a solution of copper sulphate quite free from acid, which is 
turned greenish brown by the slightest trace of aniline (see p. 853), 
whilst the hydrochloride does not cause this change. 

The moisture is estimated by drying 5 g. in a desiccator until the * 
weight is constant (about twenty-four hours). At the most, the loss of 
weight should not exceed i per cent. The aniline, liberated from the 
aqueous solution by ammonia and dried over powdered sodium 
hydroxide, should distil like the best quality aniline oil. 

The quality is also tested by the melting point, and by titration. 
For the latter purpose a weighed quantity is dissolved in water and 
treated with Njio sodium hydroxide until a faint red coloration is 
produced, phenolphthalein being used as the indicator^ 

Reinhardt^s method (below) can also be employed for the examina- 
tion of the salts of aniline (and of the toluidines). The estimation 
must be performed on the anhydrous substance, dried over sulphuric 
acid. 

For aniline salt Reinhardt’s equation becomes : — 

X = 2.SI02VT- 1.S102A 
where A = the amount of aniline salt taken 

X = the amount of aniline hydrochloride therein 
T = the titre of the brominating liquor determined means of 
pure aniline hydrochloride, and also by multiplying the 
aniline titre by 129.5/93 

V =s the number of c.c. of the brominating liquor used. 

To estimate the free acid, a solution of 5 g. of aniline salt in 10 c.c. 
of water is treated with five drops of a solution of crystal violet (i : 1000), 
and compared with an exactly similarly prepared solution of the pure 
hydrochloride; the solution is titrated with a iV/io aqueous solution of 
aniline until the colour of both solutions is the same.^ 

Aniline salt is employed in large quantities in the manufacture of 
aniline black and in the preparation of diphenylamine, etc. 

Estimation of Aniline and the Toluidines and their Mixtures, 

Reinhardt’s method for the a^jalysis of aniline oils,^ the underlying 
principle of which has been stated by A. Winther,§ depends on the 
facts that (i) by treatment in dilute acid solution with a mixture of 
potassium bromide and bromate, aniline yields tribromoaniline, whilst 

^ A. Liebmann and A. Studer,y. Soc, Chem. /nd., 1899, 18, no. 

^ Chm. Zeit.y 1893, 17, 413, ^ C/tem. Ind.^ 1905, 28, 29. 
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0- and /-toluidine give only dibrominated substitution products; 
(2) under definite conditions, oxalic acid precipitates from a solution 
of the three bases in hydrochloric acid, first /-toluidine and then 
aniline, whilst ^?-toluidine remains in the solution. 

By titration with the brominating solution, the ratio of aniline to 
/-toluidine is determined in the oils rd'generated from the separated 
oxalates. 

1. Estimation of Aniline, o-Toluidine, and p-Toluidine, and also 
- of Aniline mixed with 0- or p-Toluidine or with both. — The brominat- 
ing liquor is prepared from 490 g*. of bromine, 336 g. of potassium 
hydroxide (100 per cent), and i litre of water; after being boiled 
moderately for two to three hours the solution is diluted to 9 litres. 
Potassium hypobromite must not be present 

For the standardisation and also in analyses, 1-5 to 2 g. of the oil 
are dissolved in 100 c.c. of hydrobromic acid, sp. gr. 1*45 to 1*48 (or 
the equivalent quantities of potassium bromide and hydrochloric acid), 
and 1000 c.c, of distilled water, and titrated with the brominating 
liquor until potassium iodide-starch paper indicates the presence of an 
excess of bromine. 

The titre of the brominating liquor remains fairly constant 

The aniline content of technical aniline oils is calculated from the 
equations : — 

•^==2.37771^/- 1.3777^, and/ per cent. = — — , 

where .sr is the amount of aniline contained in the amount of the oil 
taken, v is the volume of brominating liquor used, and t is the aniline 
titre of the brominating liquor \ a -- x represents, therefore, the amount 
of the toluidines in the aniline oil. 

IL Estimation of p-Toluidine in Mixtures with Aniline or 
^?-Toluidine or both Bases. — In order to obtain an accurate result, the 
quantity of oxalic acid must be more than equivalent to the /-toluidine 
present. On this account the amount of the latter is determined 
approximately in a preliminary experiment The best plan, when 
100 g. of oil are used in the analysis, is to increase the quantity of 
/-toluidine, found in the preliminary experiment, by 10 g. in the case 
of oils poor in aniline, and by 20 g. when the oil contains a large 
amount of aniline, and to calculate the quantity of oxalic acid accord- 
ingly. In other respects the analysis is performed in the following 
way: — One hundred g. of the oil are mixed with 106 g. of 
hydrochloric acid (sp. gr. i* 16, about 31 ]^er cent HCl, equivalent =116) as 
free as possible from sulphuric acid, and the mixture is treated at once 
with the previously prepared, almost boiling solution of the requisite 
amount of oxalic acid, free from lime, in ten times the quantity of 
distilled water. The solution must remain quite clear at first, even 
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when a large amount of /-toluidi'ne is present ; it is frequently stirred 
while cooling and left for forty-eight hours to crystallise. The oxalates 
are then collected at the pump, washed thrice with 25 c.c. of distilled 
water, and decomposed by adding them to a hot, dilute solution of 
potassium hydroxide ^100 c.c. of a solution of potassium hydroxide 
sp. gr. 1.45, and 200 c.c. of distilled water). The liberated oil, when cold, 
is collected and weighed. Finally, it is dried with potassium hydroxide, 
and the amount of aniline is estimated by titration with bromine by the 
method already described. A simple calculation gives the amount of' 
/-toluidine in the original mixture,*to which must be added a constant 
correction of 2*00, ascertained for the given conditions. 

Estimation of Aniline in the presence of a small quantity ofTolui- 
dine^ and Esthnatmi of Toluidme in the presence of a small quajitity 
of Aniline} — The detection and estimation of a small quantity of 
toluidine in aniline are possible by Reinhardt’s method (accord- 
ing to Dobriner and Schranz) but the results are not quite 
accurate when toluidine is titrated alone or mixed with a small 
quantity of aniline. If the aniline titre of the brominating liquor is 
used, aniline is found in pure toluidine, and the percentage of aniline, 
in mixtures of toluidine and small quantities of aniline, is too high. In 
the titration of pure toluidine, the result is about 10 per cent, too high 
when a toluidine titre, calculated from the aniline titre, is employed. 
Reinhardt’s formula gives satisfactory results, however, when the, 
standardisation of the brominating solution is effected against pure 

93 

toluidine and the aniline titre is calculated by multiplying by 

It is usually advisable to standardise the solution against pure 
aniline and also against pure toluidine. If t and T are the respective 
titres, the amount of aniline, ;r, is given by the equation : — 



Schaposchnikoff and Sachnowsky^ state that Reinhardt’s method 
is not free from objections ; in particular, the preparation of the 
brominating solution (by boiling bromine with aqueous potassium 
hydroxide) gives varying and untrustworthy results, 

A safer method is to employ commercial, pure potassium bromate 
(8 g. of potassium bromate per litre = about instead of IM per 
litre, according to Reinhardt). The aniline oil is dissolved in 25 per 
cent, h/drobromic acid in the ^proportion of 60 g, of acid to i g. of 
aniline; the solution of potassium bromate is standardised, not with 
aniline, but with iodine, according to the equation : — 

KBr 03 + 6HBr + 6KI = 3l2 + 7KBr4-3HoO. 

^ P. Dobriner and W. Schranz, Z, anal Ckem,^ 1895, 34, 734. ^ Z, Farh, Ind.^ 1903, 2, 7. 
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For the standardisation, 25 c.c. of the solution of potassium bromate 
are treated with 5 g. of potassium iodide and 3 c.c. of 25 per cent, hydro- 
bromic acid. The liberated iodine is titrated with standard sodium 
thiosulphate. Three molecules of iodine correspond with i molecule of 
potassium bromate, i molecule of aniline, or 1*5 molecules of toluidine. 
The numerical proportions are : — * 

I g. of iodine = 0.22083 g. of potassium bromate, 

= 0.1223 1 g. of aniline, 

= 0.14061 g. of toluidine. 

Example, — Twenty-five c.c. of the potassium bromate solution 
required 72*6 c.c. of standard sodium thiosulphate (i c.c. =0-01147 g, of 
iodine). 

Hence — 

I c.c. of the potassium bromate solution = 0.0332 g. of iodine, 

= 0.00407 g. of aniline, 

= 0.00468 g. of toluidine. 

Control Experiment — Dissolve 5*0318 g. of pure aniline in 187-5 S* 
of 40 per cent, hydrobromic acid, and dilute the solution with 
water to 500 c.c. Twenty-five c.c. of the solution required 6i-8 
c.c. of the potassium bromate solution ; the total quantity will 
require 1236 c.c. Therefore the aniline titre of the potassium bromate 
solution =0-00407 g. of aniline. 

Potassium iodide-starch paper is unnecessary for the detection of 
the end-point; when bromination is complete, the liquid above the 
brominated precipitate is quite clear and assumes an easily visible 
yellowish colour on the addition of the slightest excess of potassium 
bromate. This coloration indicates the end of the reaction very sharply. 
The amounts of aniline and of toluidine in the oil under examination are 
calculated from the results of the analysis by the following formulae : — 

If jz^ = the weight of aniline oil taken 

n = number of c.c. of the solution of potassium bromate correspond- 
ing with a g. of the oil 

Ti = iodine titre of the solution of potassium bromate 
T« == aniline titre of the solution of potassium bromate 
= 0.12231 xTi 

T^ = toluidine titre of the solution of potassium bromate 
= 0.14061 X Tj 

the percentage of aniline is given by ^ 

# 

^ rp 100 ^ P 

P 

and the percentage of toluidine by 

rp 100 p, — 

P T^-P« 
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The* oil under examination consists of pure aniline when nT^=p^ 
and of pure toluidine when = 

Magenta “^chapp^s.” — Aniline oils recovered from the magenta 
fusion by distillation consist mainly of aniline and c7-toluidine, whilst 
the /-toluidine is utilised almost completely in the formation of 
magenta. They are employe^ chiefly in the manufacture of safranine. 
Most magenta ‘‘^chappes” behave like a mixture of 40 per cent, of 
aniline and 60 per cent, of i?-toluidine. They always contain a 
considerable quantity of non-basic products, and give, therefore, a. 
turbidity wdth dilute hydrochloric a^id. 

Technical Toluidines. — Commercial /-toluidine can easily be judged 
by its appearance, as well as by its melting point. It forms a hydrate, 
and special attention must be given to this fact. ^?-Toluidine is also 
placed on the market in a state of great purity. Special attention 
is paid to the specific gravity, since 0- and /-toluidines differ consider- 
ably from one another in this property, but not in their boiling 
points. 

The table on p. 864, prepared by Lunge, gives the* specific gravities 
of mixtures of the two bases, and suffices for their quantitative 
examination, provided they are dry and quite free from aniline and 
xy Udine. Such a toluidine mixture must distil entirely between 195° 
and 198°, the main portion within 2°. 

When a solution of ^?-toluidine in dilute hydrochloric acid is treated 
with potassium bichromate and a drop of the mixture is placed on 
filter paper, the presence of /-toluidine is detected by a reddish violet 
rim surrounding the stam. 

A Colour Reaction of ^-Toluidine} which can be used for the 
detection of the base, alone or mixed with aniline and its homologues, 
depends on the different behaviour of the bases towards ferric chloride. 
When a cold, faintly acid solution of /-toluidine in hydrochloric acid is 
treated with a few drops of ferric chloride, it remains light yellow 
at first, becoming rose-red, however, after some time. If it is 
heated to boiling and then cooled, it acquires at once an intense 
Bordeaux red colour, which is very stable and does not change after 
a day’s keeping. It is still distinctly perceptible when i g. of /-toluidine 
is dissolved in about 3 litres of water, slightly acidified with hydrochloric 
acid ; at still greater dilutions the red colour is masked by the yellow 
colour of the ferric chloride, thus making the detection of the /-toluidine 
uncertai|i. An aqueous solution of ^-toluidine hydrochloride yields with 
ferric chloride, after keeping for a short time, a blue precipitate, which 
becomes greenish with more hydrochloric acid (toluidine blue)‘^; 

^ J. Biehringer and A. Busch, Che^n^ ZeiU^ 1902, 2d, 1128. 

A. Ladenburg, Ber.^ 1877, lO, 1127. 
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on boiling, the precipitate is formed immediately, and is *blue or 
greenish blue according to the acidity of the solution. 


Compositions of Mixtures of and /?-Toluidines determined 
by the Specific Gravities (Lunge ^). 

{a) at 15°, referred to Abater at 15°. 


Spec. Grav. 

Per cent. 
o-Toluidine. 

Spec. Grav. 

Per cent. 
o-Toluidine. 

Spec. Grav. 

Per cent. 
o-Toluidine. 

1-0037 

100 

1-0015 

• 82 

0*9993 

64 

1 *0036 

99 

1*0014 

81 

0*9992 

63 

1-0035 

98 

1-0013 

80 

0*9991 

62 

1*0034 

97 

1*0012 

7H 

0-9990 

61i 

1*0033 

96 

1*0011 

781 

0*9989 

61 

1*0032 

95 

1*0010 

774 

0*9988 

60 

1*0031 

94 

1-0009 

77 

0-9987 

59 

1*0030 

m 

1*0008 

76 

0*9986 

584 

1*0029 

92S 

1*0007 

75 

0*9985 

58 

1-0028 

m 

1*0006 

74 

0*9984 

674 

1-0027 

91 

1*0005 

73 

0*9983 

564 

1*0026 

90 

1*0004 

72i 

0*9982 

56 

1*0025 

884 

1*0003 

72 

0*9981 

55 

1-0024 

SSh 

1*0002 

71 

0*9980 

544 

1*0023 

88 

1*0001 

70 

0-9979 

54 

1*0022 

87 

1*0000 

69 

0-9978 

53 

1-0021 

SQl- 

0*9999 

681- 

0-9977 

524 

1*0020 

86“ 

0*9998 

68“ 

0-9976 

514 

1*0019 

85 

0*9997 

67 

0-9975 

51 

1*0018 

84^ 

0*9996 

m 

0-9974 

50 

1*0017 

83^ 

0*9995 

65| 



1*0016 

82^ 

0*9994 

65 



(1) at 20®, referred to water atls®. 

0*9939 

50 

0*9934 

46J 

0*9929 

43 

0*9938 

494 

0*9933 

46 

0*9928 

42 

0-9937 

48| 

0*9932 

45 

0*9927 

41 

0*9936 

48 

0*9931 

444 

0*9926 

40 

0*9935 

471 

0*9930 

44 




The different behaviour of the two isomerides furnishes a means for 
their detection, for example, in commercial toluidine. When a faintly 
acid solution of this in hydrochloric acid is heated with a few drops of 
ferric chloride, a blue-green flocculent precipitate is obtained (due to 
£?-toluidine) ; the filtrate shows the cherry-red coloration indicative of 
/-toluidine. 

Pure aniline also gives a blue-green precipitate under analogous 
conditions. A mixture of aniline and /-toluidine exhibits, therefore, 
the same behaviour as the mixture of the two toluidines. 

For the estimation of /-toluidine in the presence of c?-toluidine, 
Rosenstiehl has proposed a method, which depends on the different 

^ C/tem, /nd., 1885, S, 74. 
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solubilitfes of the oxalates m ether. As the first step in the estimation, 
ether is prepared completely free from alcohol by washing it repeatedly 
with water, drying it over calcium chloride, and finally distilling it from 
sodium. About 3 g. of crystallised oxalic acid are dissolved in i litre 
of the ether. Then to 0-4 g. of pure /j-toluidine is weighed out 

accurately and dissolved in 80 ^o 100 c.c. of the ether in a flask, and 
the ethereal solution of oxalic acid is run in from a burette as long as 
a precipitate is formed. The correct determination of the end-point 
causes some trouble, because, towards the end of the estimation, the 
precipitate appears only after shaking for some time, and is then 
deposited on the walls of the vessel. Finally, a small portion must be 
filtered into a test tube and examined to find out whether a drop of 
the solution of oxalic acid still gives a turbidity after some shaking 
and when the walls of the vessel are rubbed. When the end-point has 
been determined, the titre of the solution of oxalic acid is easily calculated. 
The substance under examination is then treated exactly like the p- 
toluidine, and the amount of this base is calculated from the volume of 
the solution of oxalic acid employed, • 

Lorenz modifies the method, in that he treats the solution with a 
slight excess of oxalic acid, filters, washes the precipitate thoroughly 
with ether, dissolves it in N\io sodium hydroxide, and titrates the 
excess of the alkali with Njio acid. Since oxalic acid in combination 
with toluidine acts on litmus like a free acid, the amount of oxalic acid 
in the precipitate can be estimated with satisfactory accuracy. The 
amount of /-toluidine is then easily calculated from the formula of 
toluidine oxalate (C7H9N#)2C2H204. 

RosenstiehFs method gives tolerably accurate results, provided that 
ether, absolutely free from alcohol, is used, and such is obtained only 
by keeping it over sodium for a week. If the ether contains a trace of 
alcohol, the solution of oxalic acid produces no precipitate whatever in 
a mixture which contains less than 5 per cent, of /-toluidine. 

Haussermann^ proposes the following method for the estimation of 
small quantities of /-toluidine in 4?-toluidine. 

A solution of 88 g, of crystallised oxalic acid in 750 c.c. of water and 
43 C.C. ofhydrochloric acid (sp. gr. i • 18) is heated at 70° to 75'’ in aporcelain 
basin, and is treated with 10 g. of the toluidine ; the mixture is warmed 
and stirred until any undissolved oxalate has completely passed into 
solution, and is then allowed to cool slowly, with occasional agitation 
of the liquid, until a just perceptible separation of oxalate is noticeable 
on the su*rface, which takes placet at 30° to 35°. As soon as a small 
quantity has crystallised and a pause in the crystallisation ensues (for 
example, after the separation of 0*5 g.), the liquid is filtered rapidly 
through coarse linen, and the crystals are washed with a few drops of 

^ Chem , Ind ,, 1887, 10, 55. 
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water and gently pressed. If this first mass of crystals has a* smooth, 
white, lustreless appearance, the filtration is repeated after a short time, 
when a further separation of crystals, approximately equal to the first, 
is obtained. The collection of the separate fractions is continued 
until crystalline scales are no longer formed,^ but a highly lustrous 
crystalline mass, which consists of pure ^-toluidine oxalate and is easily 
distinguishable from the first crystals, which contain /-toluidine 
oxalate. When this point is reached, the liquid is quite free from 
/^-toluidine. 

The individual crystalline fractions are distilled in turn with a 
solution of sodium carbonate, and the base which passes over with the 
steam is next qualitatively tested by cooling it by ice. If the sample 
becomes solid merely by stirring, the mass is collected on a tared filter, 
gently pressed, dried over sodium hydroxide, and weighed as/-toluidine. 
If the mass solidifies only after inoculation with a crystal of pure /- 
toluidine, only the half of its weight is regarded as /-toluidine. When 
the base from the first crystalline fraction remains liquid under these 
conditions, the Joluidine under examination can be regarded, for 
technical purposes, as free from the para-isomeride. From a 
commercial ^-toluidine of good quality it is necessary, as a rule, to 
collect and distil only two fractions of 0*3 to 0*5 g., the oil obtained 
from the second fraction usually remaining liquid 

The quantities stated above are applicable only for products which 
do not contain more than 8 to 10 per cent, of /-toluidine. When a 
sample containing a greater percentage has to be examined it must 
be previously diluted with pure (?-toluidine ; conversely, in the examina- 
tion of a product containing only a trace of /-toluidine, the main 
portion of the ortho-isomeride is separated as the picrate, which is 
sparingly soluble in alcohol, from a large quantity of the toluidine, 
whilst the residual picrates, which remain dissolved in the cold alcohol, 
are reconverted into a mixture of the two bases, which is then treated 
by the method described above. 

A very good method of estimating small amounts of /-toluidine in 
c?-toluidine is Schoen’s colorimetric method. A standard oil is pre- 
pared containing 8 per cent, of /-toluidine and 92 per cent, of i?-toluidine, 
I c.c. of which is dissolved with 2 c.c. of pure hydrochloric acid in 50 
c.c. of water, and oxidised cold by adding i c.c. of a saturated solution 
of potassium bichromate. After standing for two hours, the product 
is filtered, the precipitate being washed with water, and the filtrate and 
washings made up to lOO c.c The^ toluidine to be tested is treated 
in the same manner, and compared colorimetrically with the above 
solution. Another method, described by A. F. Holleman,^ consists in 
converting the sample into the acetyl derivative and observing the 
^ Proc* K, Akad. Wetensch, Amsterdam^ 1904, 7, 395 > 1908, 27, 45 ^* 
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solidifyifig point The solidifying points of known mixtures of the 
acetyl compounds of o- and /-toliiidine are given in the following 
table : — 


Perooiita"ft of ^i-conipoiuifL 

Solidifying itoint ° C. 

0 * 

109*15 

1-12 

103*45 

2‘42 

107-75 

9*58 

103*2 

13*6 

100*8 

ft — 



42-8 g. of the toluidine to be tested are added slowly to a solution of 
25*2 g. of oxalic acid dissolved in i litre of hot water. After cooling to 
o^, the crystals are collected on a filter and washed once with a little 
water. The toluidine is then regenerated from both crystals and 
filtrate by adding sodium hydroxide and distilling in steam. After 
separating the oil, the aqueous liquor must be extracted twice with 
ether to avoid loss. Both portions of toluidine are naw converted into 
the acetyl compound by using, for r g. of toluidine, 2 c.c. of glacial 
acetic acid and i c.c. of acetic anhydride, evaporating on a water-bath, 
and distilling in a vacuum. The solidifying point of the two portions 
is determined and the amount of /^-toluidine deduced from the above 
table. When the amount of /-compound exceeds i to 2 per cent, the 
toluidine can be directly converted into the acetyl derivative without 
first preparing the oxalate. 

This method may be used also for detecting the presence of 
/-nitrotoluene in ( 7 -nitrotoluene by first reducing with iron and hydro- 
chloric acid and treating the resulting toluidine in the above manner. 

12. Xylidine. 

Xylidine is employed in large quantities in the preparation of 
azo dyes. As has been mentioned previously, the commercial product 
is a mixture which contains chiefly asymmetrical wz-xylidiiie together 
with a smaller quantity of /-xylidine. The former, being suitable 
principally for the preparation of azo dyes, is frequently separated in 
the form of its sparingly soluble hydrochloride ; a complete separation 
from the para-isomeride is, however, not possible by this means. 

A satisfactory separation can be effected by means of glacial acetic 
acid. To 121 parts of crude 3^1idine are added 30 parts of glacial 
acetic acid, and the mixture allowed to stand for some weeks. When 
crystals of ;;^-xylidine acetate have separated out, these are collected 
(best by means of a centrifugal machine), and basified with sodium 
hydroxide. The filtrate from the m-xylidinc acetate contains the 
II 3 I 
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/>-xylidine, which may be separated as hydrochloride by adding hydro- 
chloric acid.^ 

Commercial xylidine boils generally between 210"* and 220'', and has 
a sp. gr. of O’pSiS and 0-9840. Its solution in dilute hydrochloric acid 
should be as clear as is possible. In most caser its suitability must be 
decided by the quality of the resulting a2o dyes. 

13. Pseudocumidine. 

This asymmetrical aminotrimetbylbenzene finds application in the 
preparation of red azo dyes, and is obtained by heating <^i*-;;^-xylidine, 
methyl alcohol, and hydrochloric acid to a high temperature (280"* to 
290°). The pure crystalline base melts at 63° and boils at 235° — 
236°. The nitrate is sparingly soluble. 

14. Methylanilines. 

The products- obtained by methylating aniline are employed, to a 
great extent, in the manufacture of violet, green, and other dyes. 
Dimethylaniline is used to by far the greatest extent, and its prepara- 
tion and examination are of the utmost importance in the colour 
industry, whilst methylaniline is of less consequence. 

(a) Methylaniline^ CgHg.NH.CHg, in the pure state, is an oily 
liquid which has a sp. gr. 0-976 at 15° and boils at 190° — 191°. It 
is a weak base, and with acids yields salts which are easily soluble 
and difficultly crystallisable. In contact with acetic anhydride it develops 
much heat and forms an acetyl derivative, melting at 100°. On the 
addition of sodium nitrite or potassium nitrite to a solution of methyl- 
aniline in an excess of dilute hydrochloric acid nitrosomethylaniline 
is obtained as a greenish yellow oil, which is insoluble in acids and is 
reconverted into methylaniline by reducing agents. 

Methylaniline is employed only occasionally in the preparation of 
violet dyes ; nevertheless, its detection is of great importance because 
it frequently occurs as an undesirable impurity in technical dimethyl- 
aniline. It is manufactured by heating equal molecular quantities of 
aniline hydrochloride and methyl alcohol at 200°. The resulting 
crude product usually contains aniline and dimethylaniline, of which 
the former is removed as aniline sulphate by the addition of dilute 
sulphuric acid, whilst the latter is usually neglected, 

(<5) Dimethylaniline^ CgH5.N(CH3)2, in the pure state, is an oily liquid 
with a characteristic, unpleasant odour ; it boils at 192°, and has a sp. 
gr. of 0*9553 ^.t 15^ It solidifies in the cold to a crystalline mass 
which melts at o'"- 5. It is a weak base and its salts crystallise with 

^ Hodgkinson and Limpachjy. Chm. Soc,^ 1900, 77, 65. 
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difficulty. A reaction and an increase of the temperature do not take 
place when it is mixed with acetic anhydride. 

Dimethylaniline is used in the preparation of methyl violet, crystal 
violet, auramine, malachite green, etc., and is therefore one of the 
most important materials employed in the colour industry. It is manu- 
factured by heating aniline w!th methyl alcohol and a little sulphuric 
acid in an autoclave to 230° — 235°^ 

Its faintly acidified solution yields a violet dye (methyl violet) with 
copper salts and potassium chlorate. Its solution in hydrochloric acid • 
is coloured yellow by sodium nkrite without becoming turbid, but 
if sufficiently concentrated deposits yellowish green crystals of nitroso- 
dimethylaniline hydrochloride. When the latter is warmed, reduced by 
hydrogen sulphide, and treated, in the presence of an excess of this 
reagent, with ferric chloride, a fine blue dye (methylene blue) is obtained. 
The determination of the boiling point alone, although always to be 
observed, does not suffice for the examination of dimethylaniline, since 
it differs but slightly from methylaniline in this respect 

The impurities in dimethylaniline which requirt! special mention 
are aniline, methylaniline, methyltoluidine (produced by intramolecular 
change when the temperature is too high), and also higher condensation 
products originating from impurities in the wood spirit The last are 
detected by the increase in the boiling point 

Aniline can be removed, as the crystalline sulphate, by the addition 
of dilute sulphuric acid. 

Methylaniline is almost always a constant impurity, the quantity of 
which varies from 0-5 to 5 per cent, or more. For the detection of 
methylaniline and dimethylaniline in presence of each other, Emde^s 
method - may be used. It depends on the fact that their platinichlorides 
can be fractionally crystallised from an alcoholic solution. 

A very convenient method has been given by Boasson and Noelting 
for the estimation of this base, which is very important It depends on 
the above-mentioned different behaviour of the secondary and the 
tertiary bases towards nitrous acid. The former yield non-basic 
nitrosoamines which are soluble in ether, whilst in the latter 
the nitroso group enters the benzene nucleus. The resulting 
nitroso-derivatives have basic properties, and form salts which are 
insoluble in ether, and are therefore easily separable from the 
nitrosoamines. 

Although this behaviour can be utilised for the estimation of the 
two bases in the presence of oil^ another, a method is generally used 
for this purpose, which is much simpler and more i^pid. It depends 
on the facts that methylaniline and acetic anhydride interact with an 

1 Walther, Chem. ZeiL^ igio, 34, 641, 667, 6S1, 690, 701. 

- Arck Fharm,f 1909, 247, 77. 
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evolution of heat, and that the consequent increase of temperature is 
an approximate measure of the amount of this base. 

For the estimation, every 5 c.c. of the dimethylaniline under 
examination is mixed with 5 c.c. of acetic anhydride, both substances 
being initially at atmospheric temperature. iTbout 0-5 per cent of 
methylaniline is estimated for each rise of temperature. It is 
noteworthy that the temperature of absolutely pure dimethylaniline 
is lowered by about o"**5 by the addition of acetic anhydride, and 
an allowance must be made for this behaviour in the preceding 
calculation. 

Reverdin and de la Harpe^ recommend the following method for 
the estimation of the constituents of a mixture of aniline, methyh 
aniline, and dimethylaniline. 

Estimation of the A?iiline . — A solution of 7 to 8 g. of the mixture 
in 28 to 30 c.c. of hydrochloric acid is diluted to 100 c.c. with water. 
A standard solution of R-salt (sodium naphthol-3 : 6-disulphonate) is 
also prepared, containing per litre a quantity of the reagent equivalent 
to about 10 g. of haphthol. 

To 10 c.c. of the solution of the bases, diluted with water and ice, is 
added, for the purpose of diazotisation, as much sodium nitrite as 
though aniline alone were present, and the mixture is poured gradually 
into a known volume of the solution of R-salt, to which an excess of 
sodium carbonate has been added. The resulting dye is precipitated 
by sodium chloride and removed, and the filtrate is tested for an excess 
of diazonium salt or of R-salt, by the addition of one or other of these 
substances. By repeated trials the volume of the solution of R-salt 
is determined, which is necessary to react with the diazonium salt 
contained in the 10 ac.’of the solution of the basic mixture. 

Too much aniline is usually found in oils which contain a large 
percentage of aniline. This is chiefly due to the fact that the sodium 
chloride, employed to precipitate the dye, also salts out sodium 
2“naphthol-3 : 6-disulphonate. The filtrate contains, therefore, less R-salt 
than has been actually utilised, and consequently the percentage of 
aniline is calculated too high.^ Cf^ however, p. 888. 

Estimation of the Methylanilme , — One to two g. of the mixture 
to be analysed are weighed into a flask, which can be connected to a 
reflux condenser and heated on the water-bath, and a known quantity 
of acetic anhydride, corresponding with about twice the weight of the 
mixture, is added as rapidly as possible (for greater convenience the 
acetic anhydride is contained in a dropping-funnel which is weighed 
before and after the addition of the anhydride, so that the amount used 
is accurately known). The flask is connected to the condenser and the 

^ Ber ,^ 1889, 22 , I004. 

^ Vaubel, Chem, ZeiU^ 1893, 17, 465. 
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reaction is allowed to proceed for about half an hour at the ordinary 
temperature. About 50 c.c. of water are then added and the mixture is 
heated on the water-bath for three-quarters of an hour, whereby the 
excess of acetic anhydride is decomposed completely. After being 
cooled the liquid is m#de up to a known volume and the acetic acid 
therein is titrated by standard* sodium hydroxide. Phenolphthalein is 
used as the indicator. The amount of methylaniline is then calculated 
from the quantity of acetic anhydride utilised, of course after subtracting 
the amount of the latter which has been consumed in acetylating the * 
aniline contained in the mixture. • 

The method is correct in principle, and the sample analyses worked 
out by Reverdin and de la Harpe are concordant In view of the 
purity which is claimed for commercial dimethylaniline at the present 
time, an accurate quantitati\"e analysis should be but seldom necessary, 
since the thermochemical method, cited above, gives sufficient informa- 
tion whether a dimethylaniline is suitable or must be rejected. 

O. Hinsberg and J. Kessler^ recommend the benzenesulphonyl 
chloride method for the separation of primary and secondary bases. 

15. Ethylaniline. 

Ethylaniline is the chief product when aniline hydrochloride is 
heated with ethyl alcohol. Diethylaniline is obtained only by the 
repeated treatment of this base with ethyl chloride or bromide. 

(^) Ethylaniline^ NH . C2H5, is a colourless liquid, boiling point 
204°, sp. gr. 0*954 at 18°.- It is converted into an oily nitrosoamine by 
nitrous acid and into an acetyl derivative by acetic anhydride. 

(J)) Diethylaniline, C^Hg. N(C2H5)2, boiling point 2I3'"*5, sp. gr. 0-939 
at 18°, is a colourless liquid. 

The determination of the boiling point and the specific gravity 
on the one hand, and the behaviour towards acetic anhydride on the 
other, suffice for its examination. 

Here again the amount of ethylaniline can be determined from the 
rise of temperature produced by the addition of acetic anhydride. 
VaubeP recommends the following method: — The amount of aniline is 
first ascertained by R-salt, according to Reverdin and de la Harpe*s 
method (p. 870). A mixture of 25 c.c. of the oil under examination 
and 50 c.c. of xylene is treated with 25 c.c. of acetic anhydride at the 
same temperature. A cooling effect is produced when the oil is mixed 
with the xylene, and of course ti«ne must be allowed for the readjust- 
ment of the temperature before the anhydride is added. From the 
accurately measured increase of temperature an amount is subtracted 
equal to the increase which would be observed in a mixture of diethj/1- 


1 £er., 1905, 38, 906. 


- Ctiem. ZeiL, 1893, 17, 466. 
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aniline and aniline (total volume 25 c.c.) containing as much aniline 
as has been found in the oil under examination. For example, if 
8 per cent, of aniline has been found, the increase of temperature 
observed in a mixture of 2 c.c. (=f) of aniline and 23 c.c. of 

diethylaniline is The remainder of the iticrease of temperature 

is due to methylaniline, the amount of^which is easily calculated, by 
interpolation, from the following tables: — 


I. 



Total mixture 


r 



Difference 




Acetic 

Temperature 

Difference. 

for every 







Anhydride. 

increase. 

4 per cent, of 

Xylene. 

Ethyl aniline. 

Diethylaniline. 



Ethylaniline. 

c.c. 

c.c. 

c.c. 

c.c. 

"0. 



50 

25 

0 

25 

68-3 

3*1 

2-5 

3*1 

2-9 

2*5 

2*7 

2-7 

7*5 

14-4 

14*5 

3*0 

3*1 

3*0 

3*1 

2*5 

3*1 

2*9 

2*5 

2*7 

0.7 

60 

24 

1 

25 

65-2 

50 

23 

2 

25 

62-7 

50 

22 

3 

25 

69*6 

50 

21 

4 

25 

06-7 

50 

20 - 

5 

25 

54-2 

50 

19 

6 

25 

51*5 

50 

18 

7 

25 

48*8 

7*5 

2-9 

2-9 

3*0 

8*1 

3*0 

50 

15 

10 

25 

41*3 

50 

10 

15 

25 

26*9 

50 

5 

20 

25 

12*4 

50 

4 

21 

25 

9*4 

50 

3 

22 

25 

6*3 

50 

2 

23 

25 

3*3 





increases 

slowly 

3*1 

3*1 

50 

1 

24 

25 

40*^ 

3*2 

8*2 

50 

0 

25 

25 

-2*9 


II. 



Total mixture 



Acetic 

Anhydride. 

Temperature 

increase. 

Difference. 

Difl’erence 
for every 

4 per cent, of 
Aniline. 

Xylene. 

Aniline. 

Diethylaniline, 

c,c. 

50 

C.C. 

25 

C.C. 

0 

c.c. 

25 

“C. 

98*5 

3*7 

8*3 

19*5 

22*4 

22*8 

4*8 

4*5 

5*0 i 

5*1 

5*3 

3*7 

2*1 

3-9 

4*5 

4*6 

4*8 

4*5 

5*0 

5*1 

5*3 

50 

24 

1 

25 

94*8 

50 

20 

5 

25 

86*5 

50 

15 

10 

25 

67*0 

50 

10 

15 

25 

44*6 

50 

5 

20 

25 

21*8 

50 

4 

21 

25 

17*0 

50 

3 

22 

25 

12*5 

50 

2 

23 

25 « 

7*5 

50 

1 

24 ’ 

25 

2*4 

50 

0 ** 

25 

25 

-2*9 


Diethylaniline is employed in the preparation of brilliant green, 
ethyl violet, etc. 
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i6. Diphenylamine, 

Pure diphenylamine forms colourless leaflets with a peculiar odour, 
melting at 54°, and boiling at 310°. It is a very weak base, and its 
salts are decomposed Iven b% water. It is almost insoluble in water, 
but dissolves readily in alcohol, ether, or benzene. When warmed with 
acetic anhydride it forms an acetyl derivative, melting at 103®. 
Nitrous acid converts it into a nitrosoamine. It reacts vigorously with 
fuming nitric acid, yielding hexanitrodiphenylamine. When heated ‘ 
with oxalic acid or hexachloroethane, it forms a magnificent blue dye 
(diphenylamine blue). With sulphuric acid containing nitric add, 
it also develops a fine blue coloration. 

It is employed technically for the preparation of Helvetia blue, 
of orange-yellow azo dyes, and of hexanitrodiphenylamine. 

Commercial diphenylamine should be fairly colourless, and have the 
correct melting point; it should not be greasy, or possess an un- 
pleasant odour, or turn brown in the air. When powdered and shaken 
with a solution of bleaching powder, it ought not to produce a violet 
coloration (due to aniline). For its quantitative estimation an alcoholic 
solution is slowly treated with an excess of bromine in alcohol until no 
further precipitate of the tetrabromo-derivative is produced. About 
twice the volume of water is added with stirring, and the mixture 
heated until the alcohol and excess of bromine are removed, and the 
precipitate becomes granulated ; this is collected in a tared Gooch 
crucible, washed with warm water, and dried at 98'' — loo^'.^ Diphenyl- 
amine is prepared by heating aniline hydrochloride and aniline at 230'" 
under pressure. 

17. Methyldiphenylamine^ (CcH5)oN. CH^. 

This feeble base is a viscous liquid, boiling at 282°. Its salts are 
decomposed very easily by water. It is coloured violet by a mixture 
of sulphuric and nitric acids. Oxalic acid and hexachloroethane convert 
it, like diphenylamine, into blue dyes. Methyldiphenylamine is 
prepared by heating diphenylamine hydrochloride with methyl alcohol 
in closed vessels at 250° to 300.° 

18. Naphthylamines, 

% 

I. a’-Naphthylamme^ in the pure state, crystallises in colourless 
leaflets, which melt at 50'' and possess a very unpleasant odour. It 
sublimes easily and boils at 300'’. It dissolves sparingly in water, 


1 Dreger, Z,ges^ Schiess-Sprmgsioffwesen^ ^909, 4, 123, 
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easily in alcohol or ether. It turns a dirty pink in the air — less rapidly, 
however, when pure than when impure. Being a moderately strong 
base, it reacts with acids to form salts, which crystallise well. The salts 
are much less soluble than those of the benzenoid bases. By treatment 
with glacial acetic acid, it forms an acetyl derivative, melting at 159°. 
Commercial a-naphthylamine occurs in almost colourless masses, which 
have at most a superficial pinkish colour. 

It should show an approximately correct melting point, and should 
- give a fairly clear solution in warm dilute hydrochloric acid, without 
any oily residue. 

A solution of a-naphthylamine hydrochloride yields a violet precipi- 
tate with ferric chloride and other oxidising agents. 

A brownish red precipitate of aminoazonaphthalene is produced 
by nitrous acid and its salts in a solution which is not too strongly 
acidified. In a strongly acidified solution, only colourless diazo- 
naphthalene salts are formed. 

a-Naphthylamine is manufactured from naphthalene by the same 
series of reactions* as is aniline from benzene. 

II. ^-Naphthylamine is distinguished from the preceding isomeride 
by its much higher melting point and by the lack of the unpleasant 
odour. The pure substance crystallises in colourless, odourless leaflets, 
melting point 1 1 2“^, boiling point 294®, which sublime easily, are slightly 
soluble in water, and dissolve readily in alcohol or ether. It does not 
turn brown in the air. With acetic acid it forms an acetyl derivative, 
melting at 132°. Its salts crystallise well, and are sparingly soluble. 
Characteristic colorations are not produced in their solutions by 
oxidising agents. Nitrous acid produces, in solutions of the salts, a 
brick-red precipitate of /3-aminoazonaphthalene, but in strongly acid 
solutions only the diazo compound is formed. 

The commercial product usually consists of a hard, fused mass. It 
should not possess the odour of a-naphthylamine, should show approxi- 
mately the correct melting point, and should dissolve almost completely 
in dilute hydrochloric acid. Naphthol and dinaphthylamine may be 
present as impurities, and are detected by their insolubility in dilute 
hydrochloric acid. 

^-Naphthylamine is prepared by heating /3-naphthoI with ammonia, 
or sodium naphthoxide with ammonium chloride above 200°. 

Ethyl-a-naphthylamine, — In the air the base is steel-blue by reflected, 
and brownish red by transmitted, light^- 

Its specific gravity is 1-073 ^.t 18°.^ 

^ Bamberger and Helwig, Ber.^ 1889, 22, 1311. 

2 Vanbel, Chem, Zeit^ 1903, 27, 278. 
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Behaviour on distillation : — 


Distilling at 292° 

1 0-0 c.c. \ 

53 

SOS'" 

9-5 

>3 

33 

304° 

9*5 

S 3 

i’ 

33 

306° 

3-0 

>3 


7*0 

33 

35 

“0 

CO 

21-0 


33 

3H 

7*0 

33 

33 

316° 

9-0 

33 

33 

318° 

6-0 

33 

35 

320" . 

5-0 

33 

33 

323** 

10*0 

33 


Residue 

3.0 

33 > 


1 00-0 c.c. 


EthyU^-naphthylamine^ when freshly distilled, is a colourless, 
viscous liquid, the surface of which soon becomes brown on exposure 
to the air.^ 

It does not solidify in a freezing mixture; it boik without decom- 
position at 315° — 316° under the atmospheric pressure, and at 3057716 
mm. and at 191725 mm.^ Its specific gravity is i»o62 at I 8 ^® 


Behaviour on distillation : ^ — 


Distilling at 322° 

12 c.c. 

33 324" 

4 ,3 

3, 323 “ 

14 33 

33 330“ 

8 „ 

33^ 334 

8 3, 

33 336 

SO „ 

Residue 

4 „ 

100 c.c. 


Vaubel^ recommends a method of bromination for the estimation 
of the two ethylnaphthylamines. These substances or their sulphonic 
acids are being increasingly used in the preparation of dyes. 


19. Phenylnaphthylamines, CiqH,- . NH . QHg. 

The a- compound, which is obtained by heating aniline hydrochloride 
and a-naphthylamine or a-naphthol and aniline or aniline hydrochloride, 
is employed in the preparation of Victoria blue, etc. 

The pure substance melts at dz"", and boils at 3357^53 mm. or 
226715 nim. It is a very weak bfese. 

The commercial product usually consists of a slightly brownish 

1 Bamberger and Muller, Ber,^ 1889, 22, 1297. ® Vaubel, Chem. Zeit.^ 1903, 27, 278. 

^ Ibid, Ibid, 

® Chem. Zeit,^ 1 903, 27, 2 78. 
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coloured cake. Its melting point and its appearance are criteria of its 
suitability. 

^-Phenylnaphthylamine,, melting point i07°-5 — io8°, boiling point 

— 39S°*S) is obtained by heating / 3 -naphthol and aniline hydro- 
chloride or /3-naphthol, aniline, and zinc-ammonji^a chloride. 

r 

20. Phenylenediamines, CgH 4 (NH 2 ) 2 . 

I. m-Phenylenediamhie^ melting point 63°, boiling point 287°, is 
- obtained by the reduction of dinitrobenzene, and is easily soluble in 

water. It is mostly used directly^ in solution, but the base is also 
brought on the market in the solid state, being used largely as a 
“ developer for those azo dyes which are diazotised and “developed” 
on the cotton fibre. It should not be too darkly coloured, and its 
aqueous solution should be clear. 7;^-Phenylenediamine is employed 
in the manufacture of Bismarck brown, chrysoidine, and other 
dyes. 

;;2-Tolylenediamine (prepared from dinitrotoluene), which is em- 
ployed for the ^same purpose, is usually manufactured directly in 
aqueous solution, but is also to be obtained in the solid state. Its 
melting point is 99° and boiling point 280°. 

II. ^-Phenyle7iedianiine^ melting point 147°, boiling point 267°, is 
obtained by the reduction of /-nitroaniline and also of aminoazobenzene. 
It is used in the preparation of indulines, which are soluble in water, 
and is put on the market as the free base. It usually occurs in dark 
brown or black crystalline masses. Although the product is always 
superficially coloured, it should have an approximately correct melting 
point, should dissolve completely in hot dilute hydrochloric acid, and 
should be pale-coloured at a freshly fractured surface. 

To distinguish between the hydrochlorides of m- and p- phenyl- 
enediamine, an aqueous solution of the former is treated with a 
drop of a I per cent, solution of acetaldehyde in 50 per cent, alcohol, 
acidified by acetic acid, warmed, and allowed to cool. A magnifi- 
cent yellow colour, with a pronounced green fluorescence is produced. 
/-Phenylenediamine hydrochloride gives an orange-red coloration 
without fluorescence.^ 

21. Benzidine, o-Tolidine, Ci4Hi2(NH9)2, and 

Dianisidine, 

These para-diamino-derivatives are used extensively in the prepara- 
tion of azo colouring matters which dye cotton without a mordant. 

Free benzidine crystallises in colourless leaflets, melting point 
I27°*S — 128°; tolidine melts at 129^^ 

^ L. Cuniasse, Ann, Chim, AnaL^ 1899, 4 j 
G uiterraann, Ber.^ 1887, 20, 2017 ; Hirsch, ihid,^ 1890, 23, 3225, gives I26°*5, 
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Formerly both bases were brought on the market as the sparingly 
soluble sulphates, usually in the form of a paste. Now, however, the 
bases themselves, purified by distillation in a vacuum, are generally 
manufactured. Titration by a solution of sodium nitrite suffices for the 
estimation of the purify of these products (see Sodium Nitrite, p. 
927). ... * 

The titration in the case of the sulphates must be performed in a 
moderately strongly acid solution, and after the addition of the 
solution of the nitrite the test should not be made with iodide-starch 
paper too soon, since the conversfon of the solid sulphate into the 
diazo compound does not occur very rapidly. 

In determining the quality of the bases, attention must be paid not 
only to the appearance, but also to the melting point, the complete 
solubility in dilute hydrochloric acid, and the possible presence of ash 
(zinc). 

Benzidine^ should not melt below 125°, and tolidine not below 120°. 

These substances are often contaminated by other bases which are 
also attacked by the nitrite ; in such cases the nitrite Inethod does not 
give accurate results. In order to estimate these basic impurities, a 
solution of the benzidine or tolidine in hydrochloric acid is treated with 
sulphuric acid or a soluble sulphate, whereby the sulphates of the two 
bases are precipitated ; the basic impurities in the filtrate are then 
estimated by the nitrite method. (This method gives only an approxi- 
mate estimation, since the solubility of benzidine sulphate or tolidine 
sulphate in water is materially increased by the addition of hydrochloric 
acid.) 

Another method for the estimation of benzidine and of tolidine 
depends on the behaviour of neutral aqueous solutions of the hydro- 
chlorides of these bases towards a solution of iodine, mono-iodo- 
derivatives being produced.^ An excess of iodine at the end of the 
reaction is detected by iodide-starch paper or by a solution of starch, 
the spotting test being used. 

About 5 g. of the base are dissolved by warming with 5 c.c. of 
hydrochloric acid (sp. gr. i-tp) and water, and the solution, after cooling, 
is diluted to 500 c.c. Twenty-five c.c. of this solution are placed 
in a litre beaker and exactly neutralised by a solution of sodium 
hydrogen carbonate until a precipitate begins to be formed. The latter 
is redissolved by the addition of a single drop of very dilute hydrochloric 
acid. (The solution must be neutral, since iodobenzidine and iodo- 
tolidine are decomposed by aci 3 s with elimination of iodine.) The 
resulting solution is diluted to 500 c.c. with water, anH is then titrated 
by iV/20 solution of iodine, with continuous stirring. The iodo-derivative 

^ W. Vaubel, Z, anaLChem.^ 1896, 35, 163. 

Roesler and Glasmann, Chem, Zeit.^ 1903, 27, 9S6. 
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IS obtained as a dark blue precipitate. The completion of the reaction 
is determined by testing on a porcelain tile with a freshly prepared 
solution of starch, or with iodide-starch paper. The solution of iodine is 
standardised by the iodate method or by pure benzidine or tolidine 
thrice crystallised from benzene. i 

Two hundred and fifty-four parts ^of iodine represent 184 parts 
of benzidine and 212 parts of tolidine. 

C,,Hi2No + l2 - CioHiiNgl + HI 

Vaubel ^ could not obtain trustworthy results by this method, and 
his experience has been confirmed in Gnehm’s laboratory. 

In the form of its diazo compound mixed with aluminium sulphate, 
c>-dianisidine is put on the market under the name azophor blue D. 
Its examination is carried out by means of printing or dyeing trials. 
Benzidine, tolidine, and dianisidine are obtained by the reduction of 
nitrobenzene, ^-nitrotoluene, and (?-nitroanisole respectively with zinc dust 
and an alkali h3jdroxide, solution of the resulting hydrazo-compounds 
in hydrochloric acid (whereby the benzidine transformation is effected), 
and precipitation of the sulphates of the bases by sulphuric acid. For 
the preparation of the bases the sulphates are treated with sodium 
hydroxide and the base finally distilled under diminished pressure. 

22. Nitroanilines, NO3. NHg. 

The meta- and the para- compounds are commercial substances, and 
are employed in the preparation of azo dyes. * 

1. m-Nitroaniline is obtained by the partial reduction of ;;/-dinitro- 
benzene. It crystallises in flat, yellow needles, melting at 114°, and 
boiling at 285°, and is volatile with steam. 

2. ^-Nitroaniline, melting point 147°, forms yellow prisms with a 
superficial violet sheen. It is obtained by the nitration of acetanilide 
and the elimination of the acetyl group by acids or alkalis. 

The meta- and para- compounds are formed in nearly equal 
quantities when aniline nitrate is introduced into cold concentrated 
sulphuric acid. 

Both nitroanilines are moderately soluble in boiling water and 
dissolve slightly in cold water. They are easily soluble in acids. 

The purity of the commercial products can be estimated by the 
nitrite method (see Sodium Nitrite); it is necessary, however, to add 
at least four equivalents of hydroohloric or sulphuric acid for each 
molecule of the base, 

E. Blondel^ recommends the dyeing method for testing the purity 

^ Z. Path. 1904, 3, ITS. 

^ Rev, Gen, Mat, CoL^ 1904, 8, 65 ; Ckem, Zeit, Rep.^ 1904, 85 ; see plate 7 > in Mat 

Coh^ 1904, 1st April. 
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of /-nitroaniline ; the presence of even i*5 per cent of i?-nitroaniline 
can be detected easily by the difference of shade. The base under 
examination and the purest /-nitroaniline are diazotised separately. 
Cotton impregnated with /3-naphthol is passed through the solutions, 
washed, and dried, and^the colours are compared. Special care must 
be taken that the bases are diaSotised completely. 

To detect 7;2-nitroaniline in the presence of /-nitroaniline, Liebmann ^ 
proceeds as follows : 0-25 g. of /-nitroaniline is placed in a flask provided 
with a Bunsen valve, and treated with hydrochloric acid and zinc dust 
until the solution has become colourless ; this is then filtered and diluted 
to 250 c.c. When 10 c.c, of this solution are diluted to 50 c.c. and treated 
with one to two drops of a dilute solution of sodium nitrite, a faint 
yellow coloration only is produced. If the /-nitroaniline, however, 
contains ;?;/-nitroaniIine, the solution is turned brown owing to the 
formation of Bismarck brown. 

In the form of’ its diazo (or tsodidizo) derivative /-nitroaniline 
constitutes the essential part of many commercial products which arc 
used for the formation of azo dyes on the fabric (parafiitraniline red or 
nitrosamine red) and for after treatment (for the so-called nitrol and 
nitrazol colours) in dyeing, and also to some extent in printing. 

Azophor red PN, a yellowish powder, is /-nitrodiazobenzene 
hydrogen sulphate which has been converted into a solid product by 
the addition of dehydrated sodium or aluminium sulphate. Similar 
preparations are, nitrazol C, azogen red, and benzonitrol. 

Paranitrodiazobenzene red is probably /-nitrodiazobenzene a- 
naphthalenesulphonate,. ^nd the sodium salt of p-nltrozsodid,zoheiizene 
is present in nitrosamine red, a 25 per cent, pale brown paste. 
Azophor orange is ?;z-nitrodiazobenzene sulphate mixed with zinc 
sulphate. The quality of these products is determined by printing 
or dyeing trials. 

23. Phenol (Carbolic Acid), CoH^.OH. 

Absolutely pure phenol occurs as a colourless, crystalline mass, 
melting at 42^". A very small amount of impurity — for example, a 
trace of water — appreciably lowers the melting point of the substance. 
Phenol, boils at i8i°-5, has a sp. gr. of i-o66, a peculiarly pungent odour, 
and is soluble in about fifteen parts of water. It readily absorbs 
water, and thereby loses the power of crystallising. Aqueous solutions 
of phenol are coloured violet by ferric chloride, and yield with bromine 
water a yellowish white precipitate of tribromophenol bromide. Nitric 
acid, according to its concentration, converts phenol into nitro-, dinitro-, 
or trinitro-phenol. When heated with oxalic and sulphuric acids it forms 


^ y. Chm, lnd*y 1897, 16, 294. 
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a red dye (rosolic acid). The methods for the identification and estima- 
tion of phenol are detailed on pp. 821 seq} 

Phenol is used for the preparation of picric acid, rosolic acid, and of 
many azo dyes. 

So-called ‘Svhite crystallised carbolic aci(jj'' is usually employed 
technically. This melts at about 30°, ^nd boils between 183'' and 186° 
(see also this Vol., p. 812). 

24. Cresols, 

Three isomeric cresols are kno\^n : 

1. o-Cresol, melting point 30"", boiling point ipo^-S, is a colourless, 
crystalline mass. By prolonged fusion with potassium hydroxide it 
yields salicylic acid. 

2. m-Cresol is a colourless liquid, boiling point 202°* 8. It yields 
7;/-hydroxybenzoic acid by fusion with potassium hydroxide. 

3. ^-Cresol, melting point 36°, boiling point 20i°-8, crystallises in 
colourless prisms. It is sparingly soluble in water, and develops a blue 
coloration with ferric chloride. Fusion with potassium hydroxide 
converts it into /-hydroxybenzoic acid. 

The cresol isolated from coal tar contains about 40 per cent, of the 
meta-, 35 per cent, of the ortho-, and 25 per cent, of the para-isomeride. 

For its examination, see this Vol., p. 813. 

25. Naphthols, CiqH^.OH. 

a- and / 3 -Naphthols are employed extensively for technical purposea 
In consequence of the discovery of the azo dyes, /3-naphthol, in particular, 
has become a substance of the utmost importance in the colour 
industry. 

1. a-Napkthol^ melting point 94°, crystallises in colourless needles. 
It is somewhat soluble in cold water, more easily in hot, and dissolves 
readily in alcohol, ether, or benzene. Alkali hydroxides dissolve it 
easily, forming crystalline naphthoxides, from which, however, the 
naphthol is regenerated even by carbon dioxide or ammonium chloride. 
a-Naphthol distils at 278° — 280*^ with slight decomposition. The 
technical product is a fused, crystalline mass, the melting point of 
which is usually somewhat lower than that stated above ; it is not free 
from yS-naphthol. 

The tests mentioned under ^-naphthol are applicable, as a rule, 
for its examination {cf, p. 881). Ite chief uses are for the prepara- 
tion of dinitronaphthol and its sulphonic acids and for the manufacture 
of azo dyes. 

2. ^-Naphthol in the pure state forms colourless leaflets, melting 
^ Qp also G. Candussio, “A new reagent for phenolic compounds,’* Chem, Zeit*^ 1900, 24, 299. 
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at 128°* It boils with slight decomposition at 285^' to 290', and 
sublimes at much lower temperatures. It is slightly soluble in hot 
water, and dissolves easily in alcohol, benzene, or ether. Its behaviour 
towards alkalis is analogous to that of a-naphthol The technical product 
usually consists of almost colourless, fused, foliated, crystalline masses, 
and is, as a rule, very pure. • 

In its examination, attention should be paid primarily to the 
melting point and the appearance. It should be almost colourless 
and should not turn brown in the air. Moreover, it should dissolve 
in dilute alkalis, giving a slightly coloured solution, and leaving only a 
very small residue. 

Attention must also be given to the presence of any water, which is 
most easily determined quantitatively at the commencement of the 
distillation of a large quantity. 

For the differentiation of a- and / 3 -naphthols, E. Leger^ employs 
sodium hypobromite. A cold saturated aqueous solution is prepared 
by grinding the substance under examination with water in a mortar, 
and filtering the emulsion after some time. The solution of the 
hypobromite is made with 30 c.c. of sodium hydroxide (sp. gr. 1*33), 
100 cc. of water, and 5 c.c. of bromine. Ten c.c. of the aqueous 
solution of the naphthoi are treated with a few drops of the 
hypobromite. In a solution of a-naphthol a dirty violet precipitate 
is produced (the reaction is very sensitive); in a solution of /3-naphthol 
a yellow colour is developed which gradually becomes greenish and 
then yellow again ; in more dilute solutions of /S-naphthol the yellow 
colour quickly disappears*by shaking (the reaction is less sensitive than 
that of a-naphthol). 

When a saturated aqueous solution of both naphthols is diluted with 
an equal volume of water and shaken with two drops of the hypo- 
bromite solution, the a-naphthol, but not the /3-naphthol, gives this 
reaction. 

In this way the presence of i per cent of a-naphthol in ^-naphthoi 
can be easily detected. Freshly prepared solutions must always be 
used. 

According to Liebmann,- the presence of a small quantity of 
a-naphthol in /3-naphthol is detected in the following way : — 

Fifteen c.c. of toluene are added to a solution of 0-144 g. in 
5 c.c. of pure alcohol in a graduated cylinder; 0-14 g. of /-nitro- 
aniline is dissolved in 9 c.c. of dilute hydrochloric acid, and the 
solution is cooled in a freezing mixture, diazotised by i c.c. of JV/i- 
nitrite solution, and poured into the solution of the* naphthoi. The 
mixture is shaken, and, after the addition of a little water, the two 
liquids are separated in a separating funnel, and the toluene solution 
* BuU ^ Soc, Chinu^ 1897 [iii.], I 7 » 546. ^ J , So:* Chtnu Ind*^ 1897, 16, 294, 
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is agitated with 5 c.c. of sodium hydroxide ; the colour is compared 
with the colours of solutions which have been prepared in the same 
way from /3-naphthol containing a known amount of a-naphthol. The 
colour of the solutions changes by keeping, and they must, therefore, be 
freshly prepared each time. The presence of o*pi g. of a-naphthol can 
be detected in this way. 

G. Jorissen^ distinguishes between a- and /3-naphthol by treating 
a trace of the substance in a test tube with 2 c.c. of a solution of iodine 
. in potassium iodide (of the concentration of the usual alkaloid reagent) 
and adding an excess of aqueous sodium hydroxide. /3-naphthol forms 
a colourless, clear solution whilst a-naphthol yields a strongly violet, 
turbid liquid. When the ^-naphthol contains a-naphthol a more or 
less violet coloured liquid is obtained by the addition of the reagent 
mentioned. 

Volcy-Boucheds^ test is as follows: — 0-5 g. of the substance is 
placed in a test tube and dissolved in the smallest possible quantity 
of alcohol (45 per cent), added drop by drop. Two c.c. of 10 
per cent copffer sulphate solution are added, and, after thorough 
shaking, 4 c.c. of a freshly prepared 10 per cent solution of potassium 
cyanide. With a-naphthol an abundant violet-red precipitate is 
obtained ; ^-naphthol yields a yellow precipitate. If now just sufficient 
alcohol is added to dissolve the precipitate, a rose-coloured liquid 
showing a violet reflexion will be obtained with the a-compound, 
but a golden-yellow solution in the case of /3-naphthol. Small 
proportions of a-naphthol in /3-naphthol may be detected by this 
process. 

F. W. Kiister's acidimetric estimation of a- and /3-naphtho] depends 
on the formation of sparingly soluble picric acid compounds.^ 

When either of the naphthols is digested on the water-bath with a 
known volume of an aqueous solution of picric acid nearly saturated at 
the ordinary temperature, the naphthol slowly disappears and in its 
place a precipitate of the equivalent quantity of the picric acid 
compound is obtained, practically quantitatively in most cases. By 
titration with W/ro-barium hydroxide and phenolphthalein (or lacmoid) 
as indicator, the amount of picric acid in the original aqueous solution 
and also that in an aliquot portion of the filtrate from the picrate can 
be determined, and from these values the amount of picric acid in the 
precipitate can be calculated. The last value multiplied by the 
necessary factor gives the amount of naphthol. 

Since the digestion on the wate^-bath is necessarily performed in 
hermetically sealed vessels, the following method can be used. 

The substance under examination and the measured volume of the 

^ Ann, Chim, AnaLy igo2, 7, 217. 2 335. 

3 BtUy 1894, 27, iioi. Cf, also Pelet-Jolivet and Henny, Bull Soc, Chim,y 1909 [iv.], 5, 623. 
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standard *301011011 of picric acid are placed in a flask of such a capacity 
that it is filled to the neck. A solution of picric acid, saturated at the 
ordinary temperature, is about iV/20, and the measured volume must be 
such that a sufficient excess of picric acid remains in the solution at the 
end of the reaction, singe only in this case is a quantitative precipitation 
of the molecular compound obta&ined. The flask must be strong enough 
to be evacuated without risk. It is closed by a good rubber stopper 
through which passes a tube about 7 cm. long, which can be moved 
without much trouble and is sealed at its lower end About i-S cm. 
above this end a small hole is bloii^n, through which the flask can be 
evacuated when the tube is pushed in far enough. When the 
evacuation is complete, the tube is drawn so far upwards, whilst the 
pump is still working, that its closed end is level with the lower surface 
of the stopper, whereby communication between the interior of the 
flask and the atmosphere is cut off. If everything fits properly and 
the stopper and the tube have been slightly moistened before being 
inserted, the vacuum in the flask can be maintained for a whole day. 

When the reaction is complete, the flask is allowed to cool, and 
to stand overnight. Before the stopper is removed air is allowed to 
enter the flask by lowering the tube. 

(Since the compound of /3-naphthol and picric acid is soluble in 
water, it must be remembered, in calculating the results, that on the 
average about 0*0075 g. of /3-naphthol remains in solution for every 
100 c.c. of picric acid solution employed.) This method is also 
applicable for the estimation of naphthalene and other hydrocarbons. 

The iodometric method of J. Messinger and G. Vortmann^ can also 
be used for the titration of /3-naphthol. Since the equivalence of iodine 
and /3-naphthol varies with the concentration of the naphthol solution, 
F. W. Kiister’s^ correction tables must be employed, by the aid of 
which correct values can be obtained. 

Large quantities of /3-naphthol are used in the preparation of red 
and of orange-yellow azo dyes. 

The naphthols are obtained by fusing the respective naphthalene- 
sulphonic acids with sodium hydroxide. Both naphthols yield a series 
of sulphonic acids, some of which are prepared for the purpose of 
manufacturing dyes. Several of them are put on the market. 

26. Resorcinol, C6H4^(OH)2. 

Pure resorcinol forms colourless, transparent, rhombic crystals, 
melting at iio^ It distils and partly decomposes at 271°, and is easily 
soluble in water, alcohol, and ether, and somewhat sparingly in so hot 
benzene. Its aqueous solution has a sweet taste and is coloured a deep 
violet by ferric chloride. The product obtained by heating resorcinol 
‘ Ber ., 1890, 23, 2754. Ibid .^ 1894, 27, 1905. 

II 3 K 
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and phthalic anhydride at about 200° dissolves in dilute all^alis or in 
ammonium hydroxide with a magnificent green fluorescence (due to 
fluorescein). 

Commercial resorcinol is a fairly pure substance. It consists 
of a slightly coloured, dry, crystalline mass which does not turn 
brown in the air: this is the besti guarantee of its purity. In 
addition, it should have the correct melting point, give a clear and only 
slightly coloured solution in water, and should not have the odour of 
phenol, or at all events only to a small extent The amount of water 
is determined by drying a powdered sample over sulphuric acid. Its 
chief uses in the colour industry are for the preparation of eosin dyes, 
of #2-aminophenol derivatives, and occasionally of azo dyes. 

Resorcinol is prepared by fusing the various benzenedisulphonic 
acids with sodium hydroxide. It is extracted from the acidified melt 
by ether or amyl alcohol, and is purified by distillation in a vacuum. 

27, Sulphanilic Acid ( p-Aminobenzenesulphonic Acid), 

• NHa.CeH^.SOsH. 

Sulphanilic acid is an intermediate product in the preparation of 
various azo dyes, particularly of orange 11 . and orange IV.; it is 
also used in the production of /-phenylhydrazinesulphonic acid. 

In the pure state it forms colourless, hydrated crystals, which 
effloresce above 100° and become anhydrous. It is slightly soluble in 
cold water, and comparatively easily in hot. It reacts with alkalis to 
form easily soluble salts, which crystallise well and are decomposed by 
hydrochloric or sulphuric acid. It yields /-benzoquinone by oxidation 
by potassium bichromate and sulphuric acid. 

Sulphanilic acid, being a moderately strong acid, can be estimated 
volumetrically. In order to remove the free sulphuric acid, which is 
a frequently occurring impurity, the weighed quantity of the substance 
is moistened with a solution of barium chloride and heated on the 
water-bath to remove the liberated hydrochloric acid. The residue is 
then dissolved in a known volume of iV/i alkali, the excess of which 
is titrated by iV/io acid ; i c.c. of the N/i alkali represents 0*173 g. of 
sulphanilic acid. 

A more trustworthy method is the titration of the sulphanilic acid 
by sodium nitrite {cf. Sodium nitrite, p. 927). 

Account must be taken in this case of the presence of any aniline 
which, after the addition of an excess of alkali, is removed by distilla- 
tion with steam before titrating. t 

K. Brenzinger’s method^ for the estimation of sulphanilic acid 
depends on the fact that the sulphonic acid group is eliminated very 
easily and quantitatively by bromine. The method is applicable for 
^ Z. angew, Cherniy 1896 , 9 , 131 . 
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the estimation of sulphanilic acid, alone or mixed with metanilic 
acid. 

Estimation of pure Sulphanilic Acid. — Dissolve 17*3 g. (i/io mol.) of 
anhydrous sulphanilic acid in a litre of water. If the solution is alkaline, 
it is faintly acidified by hydrochloric acid. Saturated bromine water is 
added to 100 c.c. of mis somtion until iodide-starch paper indi- 
cates an excess of bromine, which should remain for at least fifteen 
to twenty minutes. After twenty minutes, the solution is rendered 
slightly alkaline by pure sodium carbonate solution, whereby the excess 
of bromine is destroyed, and, particularly with impure products, a liquid 
which can be filtered more easily is obtained. It is advisable, but not 
absolutely necessary, to warm the alkaline solution for a short time. 
The sulphuric acid in the filtrate is estimated in the usual way. The 
operations of precipitation, filtration, and washing, however, must be 
performed with hot liquids, especially when metanilic acid is present. 
Keeping the liquid hot for two to three hours is quite sufficient. 

Estimatio 7 t of Sulphanilic Acid in the presence of Metanilic Acid is 
performed just as in the case of sulphanilic acid alone. ' 

If the substance contains only sulphanilic and metanilic acids, their 
total amount can be estimated by diazotisation, provided that no other 
compounds are present which are attacked by the nitrite. By subtract- 
ing from the total the amount of sulphanilic acid determined by the 
bromine method, an accurate estimation of the metanillic acid is 
obtained. 

Sulphanilic acid is put on the market in the form of its beautifully 
crystalline sodium salt, which has the formula, CgH^OgNSISTa, 2H2O 
(mol. wt. 231), 

Sulphanilic acid is obtained by heating aniline with the calculated 
quantity of sulphuric acid at 180°. 

The isomeric ;;2-aminobenzenesulphonic acid is prepared by the 
reduction of nitrobenzenesulphonic acid, and is also used technically. 
It differs from the para-isomeride described above in its greater solu- 
bility, Bromine converts it into tribromoanilinesulphonic acid. 

Its amount in the crude product is also best estimated by titration 
with sodium nitrite. 

28. Naphthionic Acid, NH2.Q0H6.SO3H. 

i-Naphthylamine-4-sulphonic acid is also largely used in the 
preparation of azo dyes. The beautifully crystalline sodium salt is 
usually prepared. Since the acid is almost insoluble in water, its 
amount in the crude sodium salt can be fairly accurately determined 
by precipitation with hydrochloric acid, and weighing the well-washed 
precipitate. 

Here also, however, a more trustworthy method is the titration by 
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sodium nitrite, which can also be performed on the precipitated 
naphthionic acid, and is preferable to the gravimetric method. 

The presence of unaltered naphthylamine is detected by the 
turbidity as well as by the odour of the alkaline solution, and with 
greater certainty by extracting the latter with ^ther. 

Naphthionic acid is prepared by heating a-naphthylamine with 
sulphuric acid. 

Sodium naphthionate contains four molecules of w’-ater of crystallisa- 
tion, corresponding with the formula, 

CioHgOaNSNa, 

For the estimation of the naphthol- and of the naphthylamine- 
sulphonic acids, Vaubel proposes the following method^ : — It depends on 
the fact that the hydroxy- and amino- derivatives of benzene and 
naphthalene are able, under suitable conditions, to absorb one or more 
atoms of bromine in the ortho- and the para- positions to the hydroxyl or 
the amino- group, provided that no other influence is being exerted. 
The same beha^^iour is exhibited by the naphthol- and the naphthyl- 
amine-sulphonic acids when the sulphonic acid group does not occupy a 
position in which it hinders the entrance of the bromine. 

In performing the estimation, an aqueous solution of a weighed 
quantity of the impure sulphonic acid is treated with potassium bromide 
and a sufficient amount of sulphuric acid, and standard potassium 
bromate is run in until a persistent excess of bromine is observed The 
operation is performed at the ordinary temperature. With regard to 
their capacity of absorbing bromine, the sulpljonic acids can be arranged 
in three classes : — 

1. Those which absorb at the most only one atom of bromine and 
give a sharp end-point 

2. Those which absorb more than one atom of bromine, and give an 
indistinct end-point in consequence of the slower absorption of the 
second and the third bromine atoms. 

3. Those which absorb little or no bromine under the conditions 
mentioned above. 


The first class includes — 

A. The following a- and / 3 -naphthylaminesulphonic 

acids 



NHg. 

SO3H. 

SO3H. 

a. Orthonaphthionic acid , . " . 

I 

2 

k Naphthionic acid .... 

I 

4 

... 

c, Dahl’s disulphonic acid II. . 

I 

4 

6 

d „ „ III. . ^ , 

I 

4 

7 

e. a-NaphthyIainine- 5 -disulphonic acid . 

I 

4 

8 

/. Amino-R*acid ..... 

2 

3 

6 

P-Monosulphonic acid (2 Br) . 

2 

5 

... 

k, Naphthylenedianiinesulphonic acid . 

XHg. 

NHq. 

SO3H, 

I 

6 

4 

^ Chem, ZeiL^ 1893, 17, 1265, 1897. 
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B. The following a- and / 3 -naphtholsulphonic acids : — 


a, Nevile and Winther’s acid 

b, a-Naphtholdisulphonic acid 

c. SchaffePs acid . 

d. F-acid . . i . 

e. R-acid . . . ' 

f, / 3 -NaplithoItrisul phonic acid 


OH. SOyH. SO3H. SO3H. 

I 4 

1 4 8 ... 

2 6 

2 7 

2 3 6 ... 

2368 


(In several of these acids, for example, the 1:4:8 and the 2 : 3 : 6 ; 8, 
bromine is absorbed rather slowly.) 

To the second class belong — ** 


A. The following a- and ^-naphthylaminesulplioni'c acids 


NHo. SOjjH. 

a. a-Naphthylaminesulphonic acid (3 Br) . i 7 

b. a-Naphthylaminesulphonic acid S (2 Br) . i 8 

c. a-Naphthylamine-/ 3 -disulphonic acid (2 Br) . i 3 

d. a-Naphthylaminedisulphonic acid Kalle (2 Br) l 2 

e. Brdnner’s acid (3 Br) .... 2 6 

/. / 3 -Naphthylamine- 5 -sulphonic acid I (3 Br) . 2 7 


SO3H. 

7 

7 


B. The following naphtholsulphonic acid — 

OH. OaH. SOvH. 

a-Naphtholsulphonic acid S . . . i 8 

To the third class belong — 

A. The following yS-naphthylaminesuIphonic acids : — 

NHq. SOsH. SO3H. 

a. / 3 -Naphthylamine-a-sulphonic acid .,28... 

b. Amino -G-acid ..... 2 6 8 


B. The corresponding naphtholsulphonic acids : — 

OH. SO3H. SO3H. 

a, Crocein acid . . . . . 2 8 ... 

b, G-acid ...... 2 6 8 


The last acids, the 2 : 8- and the 2:6: 8- derivatives, absorb bromine 
at a higher temperature, and the property can be employed for their 
estimation. At ds"" — 75° they readily absorb one atom of bromine, 
and any volatilisation of the halogen is so inconsiderable as not to 
affect the estimation. The temperature must not be allowed to fall 
much below 65°, since it is then difficult to detect the end-point. 

Mixtures of these acids and the corresponding 2:6- or 2:3:6- 
derivatives cannot, however, be estimated by first determining the 
Schaffer’s acid and the R-acid at the ordinary temperature, and then 
warming and estimating the 2 : 8- and the 2:6:8- acids, because the 
presence of the G-acid or the crocein acid renders it difficult to detect 
the end-point at the conclusion of the first reaction. 

Such mixtures can be estimated, however, by determining the total 
sulphonic acid by bromination, and then estimating the R-acid or the 
Schaffer’s acid by coupling with diazo compounds. 
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A method which has been much used for the estimation of naphthol- 
and naphthylamine-sulphonic acids consists in titrating (in the case of 
the former acids) an alkaline solution with a standard solution of diazo- 
benzene or xylene. During this titration, sodium chloride is added to 
the solution in order to precipitate the dyestpff which is formed, and 
the course of the titration is followed l^y placing a drop of the mixture 
on filter paper and observing the reaction of the colourless rim when a 
drop of diazo solution or of a solution of a naphtholsulphonic acid 
(usually R-salt) is brought into contact with it The diazo solution is 
added to the alkaline solution cJf naphtholsulphonic acid until no 
reaction further is obtained with it in the “spotting’’ test This 
method is stated to give inaccurate results, but Bucherer and also 
Schwalbe have shown that when diazotised /-nitraniline is used in acid 
solution exact figures are obtained. 

Bucherer’s^ method is as follows : — Nitrosamine paste, which usually 
contains 25 per cent of the compound NOg.CeH^.Ng.ONa+HgO, is first 
washed free from nitrous acid by means of a saturated salt solution ; 
82*8 g. of it are stirred with 200 c.c. of water, and treated with 30 to 40 
c.c. of concentrated hydrochloric acid. The resulting solution is filtered 
and made up to i litre. If the diazo solution is prepared direct from 
/-nitroaniline, 13*8 g. of the latter are gently warmed with 16 g. of 
concentrated hydrochloric acid and 20 c.c. of water. The warm solution 
is then poured into a mixture of 500 g. of ice, 8 g. of concentrated hydro- 
chloric acid, and 50 c.c. of nitrite solution containing 6*9 g. of sodium 
nitrite. After stirring for a short time, an almost clear solution is 
obtained, which is filtered after a further fifteen minutes. The filtrate 
is diluted to i litre, protected from light, and standardised by titration 
with a very dilute solution of S-naphthol in presence of sodium acetate 
or bicarbonate. Most of the naphthol and naphthylamine mono- and 
di-sulphonic acids may be accurately analysed by titration with 
diazotised /-nitroaniline in presence of sodium acetate or bicarbonate^ 
but those naphthylaminesulphonic acids which combine with difficulty 
or not at all with diazo compounds, must be titrated with sodium nitrite 
according to the usual method. In carrying out the analysis, such an 
amount of the component is taken as will require about 20 to 2 5 c.c. of 
the diazo solution ; the usual precajition of adding salt to precipitate 
the azo dyestuff must also be observed.^ 

29. Benzyl Chloride, CgH^.CHgCl.^ 

Pure benzyl^ chloride is a colourless liquid boiling at 176°, which 
affects the eyes and has a penetrating odour. Since the chlorine atom 
is attached to the carbon of the methyl group, benzyl chloride 

1 Z. angew. Chem.^ 1907, 20, 877, 

^ Cf, also Schwalbe, Z. angew, Chem.^ 1907, 20 , 1098. 
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resembles the alkyl chlorides of the aliphatic series and its chlorine is 
easily replaceable by other groups. On this property depends its 
application in the preparation of benzyl derivatives, especially of 
benzylated methyl violets. 

The quality of technical benzyl chloride has improved considerably 
in the course of time. \t musf be colourless, have a sp. gr. of i-io6 to 
and distil, to the extent of about 96 per cent, between 174° and 
179% without the evolution of hydrogen chloride. 

Benzyl chloride is prepared by the action of chlorine on boiling 
toluene ; chlorine gas is passed in until the weight of the product 
has been increased by the theoretical amount. 

30. Benzylidene Chloride, CgHg.CHClg. 

Pure benzylidene chloride is a colourless liquid, boiling at 206°, 
with a penetrating odour. Technical benzylidene chloride (benzal 
chloride), which is employed in the preparation of benzaldehyde, benzoic 
acid, and cinnamic acid, leaves much to be desired, even now, in 
the matter of purity. The quality may be regarded as satisfactory 
when the substance has approximately the correct boiling point and 
the theoretical percentage of chlorine. 

It is obtained from toluene in the same way as benzyl chloride, but 
the chlorination is more prolonged. 

31. Benzotrichloride, CgH^.CClg. 

The pure substance js a colourless liquid, boiling at 213° — 214°. 
Benzotrichloride has played a transitory part in the colour industry, 
being the original substance by means of which malachite green was 
produced. 

What has been said of benzyl and benzylidene chlorides, is true also 
of the technical product. Of chief importance is the fact that it cannot 
be obtained free from substances containing chlorine in the benzene 
nucleus. 

The preparation of benzotrichloride is analogous to that of benzyl 
and benzylidene chlorides. In this case the chlorination is prolonged 
even more than in that of benzylidene chloride, and the product is finally 
rectified in a vacuum. 

« 

32. Benzaldehyde, QHg. C HO. 

Pure benzaldehyde is a highly refractive liquid, boiling point 180°, 
sp. gr. 1*0504, which is miscible'" in all proportions with alcohol and 
ether, but not with water. It shows the general behaviour of 
aldehydes; it is oxidised to benzoic acid moderately rapidly in the 
air, and forms with sodium hydrogen sulphite a crystalline additive 
compound which is easily soluble in water. It is reduced tp benzyl 
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alcohol by nascent hydrogen. When heated with alcoholic potassium 
hydroxide, it yields benzyl alcohol and benzoic acid. 

Benzaldehyde is manufactured in large quantities for the preparation 
of green dyes, and is put on the market in a state of considerable 
purity. For its examination, the boiling point and the specific gravity 
should be determined, but these alone are not sufficient, as they 
are affected by the benzoic acid which is always present. The 
distillation should be always performed in a current of carbon dioxide 
or hydrogen to prevent the formation of this acid. Benzaldehyde 
should be colourless, have a sp. gr. ?-052 to 1*055, and distil completely 
between 176° to 180° in a current of hydrogen. 

It must give a clear mixture with concentrated sulphuric acid 
without a strong brown coloration, and dissolve in a solution of 
ammonium hydrogen sulphite without any oily residue. 

To estimate any benzoic acid which may be present, 50 c.c. of the 
benzaldehyde are shaken with 10 c.c. of Nji sodium hydroxide and 
water, and phenolphthalein as indicator, and the excess of the alkali is 
titrated hy Nji acid ; i c.c. of Nji sodium hydroxide represents 0*122 
g. of benzoic acid. Benzaldehyde is prepared by treating benzylidene 
chloride with calcium carbonate or sodium hydroxide and water. 

33. Benzoic Acid, QHg.COgH. 

Pure benzoic acid crystallises in small colourless needles or leaflets 
with a faint peculiar odour. It melts at 120° and boils at 250°, but 
sublimes even below the temperature of the water-bath. It is sparingly 
soluble in cold, more readily in hot water, and dissolves very easily 
in alcohol or ether. Its salts are mostly very readily soluble in water. 
With a neutral solution of ferric chloride, they yield ferric benzoate in 
the form of a reddish precipitate. 

Benzoic acid is employed in the colour industry for the preparation 
of aniline blue and of nitro- or amino-benzoic acids. 

Commercial benzoic acid should be colourless, should volatilise 
without residue, have the correct melting point, and give clear solutions 
in dilute ammonium hydroxide, benzene, and ether. 

, A product containing chlorine must be rejected. 

Since benzoic acid distinctly affects litmus, it can be titrated by 
Nji alkali hydroxides. On account of its sparing solubility in water, 
it is advisable to dissolve the acid in an excess of the alkali, and to 
titrate back with Nj 10 acid. 

When benzoic acid is to be employed in the preparation of aniline 
blue, a trial of its suitability for this purpose is necessary, because 
commercial benzoic acid often contains impurities which escape 
detection by analysis and yet are frequently very troublesome in the 
preparation of the blue. 
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34. Salicylic Acid, On.^H.-COaH. 

Salicylic acid is used extensively in the preparation of azo dyes. 

The pure acid is colourless and odourless, and crystallises in needles 
melting at 156^ 

It is only slightly soluble In cold water (about i : 500 at is"*), but 
dissolves more readily in boiling water (about 1:13). Its aqueous 
solution is coloured violet by ferric chloride. 

Salicylic acid for medicinal purposes is almost chemically pure, and 
the same may be said for the product which is employed in the colour 
industry. 

Since salicylic acid behaves like a monobasic acid (its dibasic salts 
have an alkaline reaction), it can be estimated alkalimetrically. 
Attention should also be given to the possible presence of ash. 

Salicylic acid is prepared by the Kolbe-Schmitt method by the 
action of carbon dioxide on sodium phenoxide. 

3S Gallic Acid, 

Gallic acid is trihydroxybenzoic acid, and therefore is best 
considered here, although it is not a product of coal tar. It 
finds many applications in the colour industry, as, for example, in 
the preparation of gallocyanine (and analogous dyes), galloflavin, and 
anthragallol. 

In the pure state it forms colourless needles which contain one 
molecule of water. 

The anhydrous acid melts at about 220®. Its solution gives 
a bluish black precipitate with ferric chloride. It cannot be estimated 
alkalimetrically, since its alkaline solution rapidly turns brown in the 
air. Its quality, therefore, is judged by the appearance, the possible 
presence of ash, etc. 

Gallic acid is obtained from tannin and various other tannic acids 
by boiling with dilute acids or by a specific fermentation. 

Tannin (Tannic acid), an anhydride of gallic acid, is extensively 
used in dyeing and printing, especially as a mordant for basic dyes. 
Of the many methods proposed for its examination, one only is con- 
clusive, namely, comparative dye-trials and print-trials with the substance 
in question and products of known quality. 

Tannin is a faintly yellow, amorphous powder. It should dissolve 
moderately easily in water, giving a slightly coloured solution. It is 
also brought on the market as so-called “crystallised tannin,” and 
“ needle tannin.” 

The detection of tannin on the fabric is described by A. Menger.^ 

^ Farher-Zeit,^ 1903 , 14 , 435 . 
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36. Phthalic Acid, and Phthalic Anhydride, 



Pure phthalic acid crystallises in colourless l<?aflets or stout prisms, 
melting at 213^ It is sparingly soluble in cold water, and dissolves 
easily in hot water, alcohol, or ether. When heated at about 130^ it 
decomposes gradually into phthalic anhydride and water. It is 
" commonly and erroneously stated in the literature that th® formation 
of the anhydride only begins above 200°. (The fact is given correctly 
in Kolbe's Organic Cheviistryi) The anhydride forms long colourless 
needles having a faint characteristic odour, melting at 128°, and boiling 
at 277°, but sublimes below its melting point It dissolves in hot 
water, regenerating the acid. 

Technically, the name “phthalic acid” always denotes phthalic 
anhydride, which is brought on the market in the sublimed state and 
plays an important part in the preparation of indigo and the phthaleins 
(eosin, rhodamine, gallein, etc.). Commercial phthalic anhydride may 
be considered as sufficiently pure when it consists of colourless needles 
which have the correct melting point, are soluble in benzene, and 
volatilise without residue. 

Phthalic acid is prepared by the oxidation of naphthalene by 
sulphuric acid in the presence of mercuric sulphate. Phthalic anhydride 
is obtained from the crude acid by sublimation. 

Dichlorophthalic acid is obtained from the^ chlorinated chloronaph- 
thalenes, and tetrachlorophthalic acid by heating phthalic anhydride 
with antimony pentachloride in a current of chlorine. These acids 
are also utilised in the production of eosin dyes. Dichlorophthalic acid 
melts at 183° — 185°, and tetrachlorophthalic acid melts and yields 
the anhydride at 250^ 

37. Anthraquinone, Ci4Hg02. 

Pure anthraquinone forms lustrous, bright yellow needles, melting 
at 277°. It sublimes at a slightly higher temperature, and boils 
above sSz"*. It is insoluble in w^ter, slightly soluble in ether, 
alcohol, or cold benzene, more easily in hot benzene, and dissolves 
readily in hot glacial acetic acid. It dissolves unchanged in hot 
nitric acid (sp. gr. 1-4) and also in concentrated sulphuric acid. It 
is converted into anthracene by heating with zinc dust or concen- 
trated hydriodic acid. When anthraquinone is heated with alcoholic 
alkali hydroxide and zinc dust or sodium amalgam, the solution 
acquires a reddish violet colour, but quickly becomes colourless 
again in the air. The colour is green when absolutely anhydrous 
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alcohol is used, but is changed to violet by the slightest trace of 
water. 

Anthraquinone is the first intermediate product in the conversion 
of anthracene into alizarin. It rarely comes on the market, but is 
prepared in the alizarin works. Sublimed anthraquinone is always 
employed, the purity varying usually between 98 to 99 per cent 
Luck^s method (p. 805) can be used for estimating the purity of 
anthraquinone. In this method the impurities, by further oxidation, 
are destroyed or converted into substances which are soluble in 
alkalis. • 

H. Bassett ^ suggests boiling the anthraquinone for some time with 
a solution of chromic acid and nitric acid ; pure anthraquinone should 
not lose in weight, whilst the product prepared from commercial 
anthracene may lose 2 per cent, or more. Other tests are the 
melting point, the appearance, and also complete volatilisability. 

Anthraquinone is prepared by treating anthracene with a mixture 
of potassium or sodium bichromate and dilute sulphuric acid. The 
crude product is purified by solution in warm sulphuric acid, precipita* 
tion by water, and finally by sublimation with steam. 


B. OTHER RAW MATERIALS 

I. Methyl Alcohol (Wood Spirit), CH3.OH. 

Pure methyl alcohol is a mobile, colourless liquid, with a charac- 
teristic alcoholic odour and a burning taste ; it is miscible in all 
proportions with water, ether, and alcohol. It boils at 66° — 67° and 
has a sp. gr. of 0-798 at 0°. It combines with calcium chloride and 
also with anhydrous barium oxide to form crystalline compounds which 
are decomposed by water and in which it appears to act like water 
of crystallisation. 

Methyl alcohol is employed in the colour industry in the preparation 
of dimethylaniline, formaldehyde, and also of methyl chloride, bromide, 
iodide, and sulphate, which are used for various purposes. Its examina- 
tion is of the utmost importance, since the alcohol must be very pure, 
especially for the preparation of dimethylaniline. The boiling point 
and the specific gravity afford some evidence as to its quality, but 
are by no means sufficient, since, in particular, acetone, a common 
impurity of wood spirit, closely resembles the alcohol in these pro- 
perties. 

The following table of the specific gravity of mixtures of 
pure methyl alcohol and water is given by A. Doroszewski and 


^ Chem^ New$^ 1S96, 73, 178, 
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M. Roshdestwenski ; ^ the percentages of methyl alcohol are by 
weight. 


Methyl 

alcohol. 

Spec. Grav. at 
15 “/ 15 “. 

Methyl 

alcohol. 

Spec. Grav. at 

15715“. 

Methyl 

alcohol. 

Spec. Grav. at 

15715“. 

per cent. 

0 

1-00000 

per cent. 

34 

0-94817 

per cent. 

68 

0-8S04S 

1 

0-99814 

35 

0-94653 

69 

0-87816 

2 

0*99630 

36 

0-94487 

70 

0-87584 

3 

0-99457 

37 

0*94319 

71 

0-87347 

4 

0-99285 

38 

0*94149 

72 

0-87109 

5 

0-99116 

39 

^ 0-93976 

73 

0-86868 

6 

0-98950 

40 

0*93802 

74 

0*86622 

7 

0-98787 

41 

0*93625 

75 

0-86376 

8 

0-98633 

42 

0-93447 

76 

0-86126 

9 

0-98480 

43 

0*93266 

77 

0-85876 

10 

0-98327 

44 

0-93082 

78 

0-85626 

11 

0-98179 

45 

0-92896 

79 

0-85374 

12 

0*98031 

46 

0-92708 

80 

0-85122 

13 

0-97887 

47 

0-92517 

81 

0-84868 

14 

0-97745 

48 

0-92323 

82 

0-84610 

15 

0-97603 

49 

0*92128 

83 

0-84348 

16 

0-97462 

50 

0-91932 

84 

0-84082 

17 

0-97S22 

51 

0-91733 

85 

G-83815 

18 

0-97181 

52 

0*91531 

86 ' 

0*83548 

19 

0-97040 

53 

0-91328 

87 

0*83280 

20 

- 0-96899 

54 

0-91124 

88 

0*83010 

21 

0-96758 

55 

0-90918 

89 

0*82740 

22 

0-96617 

66 

0-90710 

90 

0*82468 

23 

0-96476 

57 

0-90500 

91 

0-82196 

24 

0-96335 

68 

0*90289 

92 

0*81921 

25 

0-96192 

69 

0-90076 

93 

0*81639 

26 

0-96047 

60 

0-89859 

94 

0*81356 

27 

0-95901 

' 61 

0-89641 

95 

0*81070 

28 

0-95752 

62 

0*89419 

96 

0-80784 

29 

0-95601 

63 

0-89195 

97 

0-80498 

30 

0-95449 

64 

0*88968 

98 

0*80213 

31 

0-95296 

65 

0-88739 

99 

0-79929 

32 

0-95139 

66 

0-88510 

100 

0*79647 

83 

0-94979 

67 

0-88280 




A very convenient method for the estimation of methyl alcohol has 
been given by Krell^ and elaborated by Grodzky and Kraemer.^ It 
depends on the fact that methyl alcohol is converted quantitatively into 
methyl iodide by phosphorus di-iodide, whilst the impurities react in a 
different manner.^ 

2. Methyl Chloride, CH3CI 

At ordinary temperatures and pressures, methyl chloride is a colour- 
less gas which has a pleasant ethereal odour and burns with a green- 
edged flame. It condenses to a colourless, mobile liquid at 22° under 
atmospheric pressure, or at the ordinaigr temperature under a pressure 
of about five atgiospheres. Methyl chloride is dissolved slightly 

ly; Russ, Phys, Chem, Soc,^ 1909, 41 , 154 J A Chem, Ind,^ 1 910, 29, 173. 

2 Ber*y 1873, 6, 1310. ^ Ibid,^ 1874, 7, 1492. 

^ F, Zetche, Pharm, Cenir,^ 190$, 44, 505 ; W. Vaubel and O. Scheuer, Z, angew, Chm,^ 1903, 
18, 214 ; G. Keppeler, ibid,^ 464. 
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by water, but very easily by methyl or ethyl alcohol. It is 
brought on the market in the liquefied state in large copper or iron 
cylinders, and is used for the methylation of aniline, for the conversion 
of methyl violet into methyl green, and for other purposes. The com- 
mercial product is usually almost completely pure. It should volatilise 
rapidly and completelj^ in an bpen vessel without leaving a malodorous 
residue. 

3. Methyl Bromide, CHgBr. 

Methyl bromide is used in certain cases instead of the chloride 
for the purpose of methylation, and then is usually prepared by warming 
sodium bromide with wood spirit and sulphuric acid. 

It is a colourless, mobile liquid with a burning taste and a pleasant, 
ethereal odour, somewhat resembling that of chloroform. It boils 
at and has a sp. gr. of 1*732 at 0°. It should volatilise rapidly 
in an open vessel without leaving a residue. The greatest care must 
be exercised in its use, on account of its poisonous nature. 

4. Methyl Iodide, CH3I. ^ 

Methyl iodide is a colourless liquid, boiling point 44°, sp. gr. 2*199 
at 0°, which is slowly coloured brown by light It has’ a pleasant, 
ethereal odour, recalling that of chloroform. Methyl iodide was 
formerly a most important substance in the colour industry, and was 
used particularly for the preparation of iodine green and iodine violet, 
but now has a very limited application. 

In testing it a determination of the boiling point should be made. 
When methyl iodide is” exceptionally colourless and does not become 
coloured even by long exposure to light, it usually contains phosphorus. 
The presence of the latter is more certainly detected when the addition 
of a particle of iodine does not produce a yellowish brown colour. Traces 
of sulphur compounds are often present, and are betrayed by an 
unpleasant odour of leeks. On account of its poisonous nature, methyl 
iodide, particularly in the gaseous state, must be used with caution. 

5. Methyl Sulphate, (CH3)2S04. 

This is prepared by the action of fuming sulphuric acid or chloro- 
sulphonic acid on methyl alcohol. 

It is a colourless liquid whfch has a very irritating action on the 
skin and is poisonous. It boils at 188° and has a sp. gr. of 1*324 at 22°. 

6. Ethyl Bromide, CaH^Br. 

Ethyl bromide is a colourless, mobile liquid, boiling point 38°* 8, sp. 
gr. 1*47, with a pleasant ethereal odour. The boiling point and the 
specific gravity are of chief importance in its examination. 

Bromal and bromoform are occasionally present as impurities, but 
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are easily detected, however, by their higher boiling point. Compounds 
of sulphur can be recognised by their odour. Any ether present can 
be removed by shaking with concentrated sulphuric acid. 

Ethyl bromide is prepared most readily by distilling sodium bromide 
or ferrous bromide with alcohol and sulphuric acid. 

7. Ethyl Iodide, 

Ethyl iodide is a colourless liquid, boiling point 72°, sp gr. 1-975 
at 0°, which becomes brown in the light and has an odour resembling 
' that of chloroform. Ethyl iodide finds little application, since Hofmann’s 
violet, which was formerly made by its aid, has been supplanted by 
methyl violet, and other reagents, preferably the cheaper ethyl bromide 
or chloride or diethyl sulphate, are used for ethylation. The statements 
given concerning the examination of methyl iodide are applicable to 
ethyl iodide. 

8. Acetic Acid, CH3 . CO2H. 

Pure acetic acid is a colourless, strongly acid liquid boiling at 118° 
and having a sp.'gr. of 1-0553 at 15°. At low temperature it solidifies 
to a mass of crystalline leaflets, melting at 17°. 

The specific gravity increases at first by the addition of water, 
reaching a maximum, 1-075 at 15°, for an 80 per cent, acid, and then 
decreases again by further dilution. A detailed table for the calculation 
of the composition of aqueous acetic acid from the specific gravity is 
given in the section on “ Organic Preparations” (Vol. III.). 

Riidorff recommends the determination of the temperature of 
solidification for the estimation of the composition of more concentrated 
acetic acids, and gives the following table : — 


100 parts 
of Acetic Acid 
are mixed with 

100 parts 
of the mixture 
contain 

Temperature 

of 

Solidification. 

0*0 Water 

0*0 

Water 

- M6°*7 

O-o 

55 

0-497 

5> 

+ 15"*65 

1-0 


0*980 

>J 

+ 14“*8 

1*5 

JJ 

1*477 

99 

+ 14°*0 

2-0 

99 

1*961 

99 

+ 13 ° *25 

3*0 

99 

2*912 

99 

+ ir*95 

4*0 

99 

3*846 

99 

+ 10 ° *5 

5*0 

99 

4-761 

99 

+ 9°*4 

6*0 

99 

5-660 

ft 

99 

+ 8 ° *2 

7*0 

99 

6*542 

99 

+ 7°*1 

8*0 

99 

7-407 

99 

+ 6°*25 

9*0 

99 

8-257 

99 

+ 5°*3 

10*0 

99 

9*090 

99 

+ 4 ° *3 

11*0 

99 

9*910 

f' 

99 

+ 3°*6 

12*0 

99 

10*774 

99 

+ 2°*7 

15 * 0 " 

99 

13*043 

99 

- 0°*2 

18*0 

99 

15*324 

99 

- 2°*6 

21*0 

99 

17*355 

9 9 

- 5°*1 

24*0 

99 

19*354 

99 

- 7°*4 
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In the colour industry, so-called glacial acetic acid (95 to 99 per 
cent, of acid) and also a more dilute acetic acid (35 to 50 per cent, of 
acid) are used. The most accurate method of estimating the content of 
acetic acid is titration with N/i sodium hydroxide, using phenol- 
phthalein as indicator. 

Crude acetic acid usually contains empyreumatic impurities, which 
can be detected by their odour after dilution, or, still better, after 
neutralisation. In the case of the more dilute acids, it is customary 
not to require a too stringent specification with regard to these 
impurities; 50 c.c. of the acid, after being evaporated to dryness for 
one and a half hours on a »and-bath, ought to leave only a very slight 
residue. 

Greater purity is usually required of glacial acetic acid. It ought 
to have no, or only a very slight, empyreumatic odour after neutralisa- 
tion, and should not decolorise a few drops of potassium permanganate 
immediately after their addition. Sulphurous acid, which is occasionally 
present, is detected by the decolorisation of iodide-starch paste, and 
also by the precipitation of sulphur, which occurs when the acid is 
mixed with a clear solution of hydrogen sulphide. 

Glacial acetic acid is used in the colour industry mostly as a solvent, 
for the preparation of acetyl derivatives, etc. Dilute acetic acid is 
chiefly used for the weak acidification or the neutralisation of liquids 
when an excess of a mineral acid is not permissible. 

9. Oxalic Acid, C2H2O4.2H2O. 

The acid melts sligh<:ly above 100° in its water of crystallisation. 
It dissolves in fifteen parts of cold water, and much more readily in hot 
water or in alcohol. The anhydrous acid sublimes without decomposi- 
tion when it is heated carefully to a temperature not exceeding 1 50°, 
but decomposes by rapid heating into carbon dioxide, carbon monoxide, 
formic acid, and water. The sodium salt is considerably less soluble 
than the potassium salt. Sodium hydrogen oxalate is precipitated by 
the addition of oxalic acid to a saturated solution of sodium chloride. 

The commercial product is usually fairly pure, and contains at most 
small quantities of the alkali or the calcium salts, which are detected by 
the residue of ash. 

Titration by N/i alkali hydroxide is the most convenient and 
accurate method for its examination. Oxalic acid can also be estimated 
very exactly by titration with potassium permanganate and sulphuric 
acid. ^ 

In the colour industry, oxalic acid is used chiefly in the preparation 
of rosolic acid, and of salts (malachite green). In dyeing, it is employed 
frequently for the preparation of acid mordants. For the latter purpose, 
and also for its recovery from the above processes, the following table, 
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compiled by Franz, giving the sp. gr. at 15° of aqueous sohitions of 
oxalic acid, is of use : — 


Spec. Grav. at 15°. 

Amount of 

C2H204,2H20. 

Spec. Grav. at 15°. 

Amount of 
C2H204,2H20. 

1*0032 

1 per cent. 

*'l-0226 * 

8 per cent. 

1*0064 

2 

1*0248 

9 „ 

1*0096 

3 

1*0271 

10 „ 

1*0128 

4 „ 

1*0289 

11 

1*0160 

5 

1*0309 

12 

1*0182 ! 

6 

1*0320 

12*6 „ 

1*0204 

7 „ 




10. Formaldehyde, CH^O. 

The technical product consists of a 40 per cent, solution of 
formaldehyde. 

In order to prepare it, air is passed through wood spirit, warmed to 
40° to 50°, and then over a moderately heated cylinder of coarse 
copper gauze. Aqueous formaldehyde has a pungent odour, reduces 
ammoniacal solutions of silver salts with the formation of a mirror, 
and yields crystals of trithioformaldehyde with hydrogen sulphide. 
When warmed with moderately dilute sodium hydroxide, formal- 
dehyde is decomposed into formic acid and methyl alcohol. It combines 
readily with dilute ammonium hydroxide to form hexamethylene- 
tetramine. By keeping, a solution of formaldehyde yields the polymeric 
trioxy methylene, (CH20)3, which, once deposited from the solution, is 
insoluble in water, alcohol, or ether. 

The following reactions can be used for the quantitative analysis of 
formaldehyde : ^ — 

1. It forms a silver mirror by warming with an ammoniacal solution 
of a silver salt. 

2. O' 5 c.c. of dimethylaniline is added to i c.c. of formal- 
dehyde solution and 10 c.c. of water, and the mixture is acidified 
with dilute sulphuric acid and well shaken. After being made 
alkaline with sodium hydroxide, the solution is boiled until the odour 
of dimethylaniline is not perceptible. The resulting tetramethyl- 
diaminodiphenylmethane is collecte4 on a filter, washed, and treated 
in a small porcelain basin with acetic acid and then with some finely 
powdered lead peroxide. A blue coloration is developed. 

3. About 20 C.C, of the liquid to be tested for formaldehyde are 
treated with 20 c.c. of an aqueous solution of aniline (3 g. of aniline 
per I litre of water), and neutralised. According to the amount of 
aldehyde present, a white precipitate or a slight turbidity, frequently 

1 Cf. also B. M. Pilhashy,yi Amer^ Ckem, Soc.^ 1900, 22, 133. 
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formed only after keeping for a few days, of anhydroformaldehyde- 
aniline is produced. 

4. Since formaldoxime in aqueous solution is readily decomposed 
on boiling, into water and hydrogen cyanide,^ hydroxylamine is a very 
sensitive reagent for the detection of formaldehyde. The solution to 
be tested is boiled with •an aqueous solution of a hydroxylamine salt 
(obviously the hydrochloride is not applicable), and then examined for 
hydrogen cyanide.^ 

5. Lebbin^ employs as a reagent a solution of the sodium derivative 
of resorcinol containing 40 to 50 per cent, of sodium hydroxide and 
5 per cent of resorcinol Equal volumes of this solution and the 
aqueous liquid under examination (which must be free from coloured 
substances and albumins) are heated to boiling in a test tube and 
maintained so for a short time (about half a minute). Even in the 
presence of very small quantities of formaldehyde a distinct reddening 
is observable. The test will detect 0-2 to 0*1 part in a million. 

6. B. A. van Ketel^ states that when a solution of formaldehyde 
(about 35 percent.) is poured on concentrated sulphuric acid, a white 
precipitate is formed within three minutes at the junction of the two 
liquids, which extends throughout the solution of formaldehyde, so that 
after some hours the whole formaldehyde solution is filled with a white 
crystalline mass. When a less concentrated solution is used, the 
reaction occurs distinctly more slowly. The resulting white substance 
is insoluble in water and is probably a polymeride of formaldehyde; 
on boiling with dilute sulphuric acid it evolves formaldehyde vapour. 

7. /-Nitrophenylhydrazine is also suitable for the detection of 
formaldehyde.® Even a very dilute solution of formaldehyde, when 
treated with a small quantity of an aqueous solution of /-nitrophenyl- 
hydrazine hydrochloride, yields after a short time, or on warming, a 
precipitate of formaldehyde-/-nitrophenylhydrazone, which crystallises 
from benzene in yellow needles melting at 181° — 182^ 

8 . C. Neuberg <5 detects formaldehyde by means of 4 : 4'-dihydrazino- 
diphenyl hydrochloride. Aqueous solutions of the latter and formalde- 
hyde yield, after a short time at the ordinary temperature, instantly on 
warming to 50° to 6o^ a flocculent, yellow precipitate which has the 
composition : — 

CH2 : N . NH . C^ul . . NH . N ; CH^. 

This substance is formed in moderately dilute solutions. Solutions 
of formaldehyde (i : 5000) are instaj;itly coloured pale yellow by warming 

1 Scholl, Ber., 1891, 24, S?®- 

2 A. Brochet and R. Cambier, Comptes rend,^ 1895, 120, 449* 

^ Pharm, Zeit^ 42> 

4 Pharm, Weekhlad., 1894, 31, No. 49 ; Jakresber, d^ Pharm,, 1895, 30, 275. 

6 E. Bamberger, Per,, 1899, 32, 1207. ® Ber., 1899, 32, 1961. 
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with a few drops of a solution of dihydrazinodiphenyl hydrochloride ; 
the formation of a crystalline precipitate occurs only after a few 
minutes. The test is less trustworthy at dilutions of i : 8000. Although 
it is not so sensitive as A. Jorissen’s phloroglucinol test^ or Lebbin's 
resorcinol test (above), it has the advantage over these of being 
absolutely conclusive. The colorations^^developed in the phloroglucinol 
and the resorcinol tests are produced by furfural in a similar manner. 
Moreover, it is not even necessary to use the purified dihydrazinodi- 
phenyl hydrochloride. A little benzidine on the end of a spatula is 
dissolved in hydrochloric acid in a test tube and the cold solution is 
treated with sodium nitrite, whilst the tube is kept cool by running 
water. The diazo chloride is added to a solution of stannous chloride 
in concentrated hydrochloric acid : after a short time it is boiled with 
a little animal charcoal. The clear filtrate contains sufficient dihydra- 
zinodiphenyl hydrochloride to give the test ; the formaldehyde compound, 
however, often has an orange red shade (due to the presence of tin 
compounds ?). 

9, Romijn^ gives a microscopic method for the detection of 
formaldehyde. 

10, Feder’s test^ is as follows ; — Twenty grams of mercuric chloride 
are dissolved in water and made up to a litre ; 100 g. of sodium sulphite 
and 80 g. of sodium hydroxide are dissolved in water and made up to 
a litre. Equal quantities of these two solutions are mixed previously 
to the test, the sulphite solution being added rapidly, with stirring, 
to the mercury solution. o*2 mg. of formaldehyde gives a distinct 
turbidity with this solution in a few seconds, whilst 0*05 mg. gives 
a perceptible reaction after one to two minutes. The amount of 
aldehyde in a solution can be determined from the weight of metallic 
mercury produced, 200 mg. of mercury being equivalent to 30 mg. of 
formaldehyde. 

1 1, Gabutti 4 finds that when carbazole is treated with concentrated 
sulphuric acid in presence of a small quantity of formaldehyde, a blue 
coloration is produced, and in presence of larger quantities, a bluish 
green precipitate. This test is capable of detecting one part of 
formaldehyde in ten thousand in either aqueous or alcoholic solutions ; 
the coloration resists the action of alkalis, but not of ammonia. The 
carbazole, and also the solution to be tested, must be free from nitric 
acid, nitrates, or other oxidising agents which give a colour reaction 
with carbazole alone. 

.r 

^ y. Pharm* Chim.y 1897, 167 ; Z. ang&w, Chem,^ 1898, ii, 328. 

® Pkarm, Zeit,^ 1895, 40, 407. 

3 ArcL Fharm.^ I907, 245, 25 * 

^ BolL Ckim. Farm,^ 1907, 46, 349. 
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Quantitative Estimation of Aqueous Solutions of 
Formaldehyde.^ 

I. The aqueous formaldehyde under examination is shaken with 
calcium carbonate, and 5 c.c. of the clear supernatant liquid are treated 
with 50 c.c. of JV/i am^nonium hydroxide and kept for a day at the 
ordinary temperature in a closed vessel. The excess of the ammonium 
hydroxide is titrated with N/i hydrochloric acid, using litmus as 
indicator. From the equation, 

6CH204-4NH3 - 

Hexamethylene- 

tetramine. 

it is evident that the amount of ammonium hydroxide added is 
capable of reacting with 2-4 g, of formaldehyde, corresponding with 
a 48 per cent, solution of the aldehyde. For every c.c. of hydro- 
chloric acid used in the titration, 0-048 g. of formaldehyde must 
be subtracted. If n c.c. of N/i hydrochloric acid are used, the 
percentage of formaldehyde in the solution under examination is 
48 — nx 0-96.^ 

If methyl orange is used as the indicator in the titration, it changes 
its colour completely only after the feebly basic hexamethylenetetramine, 
as well as the free ammonium hydroxide, has been converted into the 
hydrochloride. With the quantities stated above, the percentage of 
formaldehyde in the solution is, therefore, 64 — 1*28, where n is the 
number of c.c. of the hydrochloric acid used.^ 

A. Trillat^ converts the formaldehyde into hexamethylenetetramine 
by a measured volume of ammonium hydroxide, distils the excess of 
the latter, and titrates it in the distillate. 

M. Klar^ uses the following method: — Sixty c.c. of N/i ammo- 
nium hydroxide (=1-0200 g. NHg), previously well shaken, are 
placed in a normal 250 c.c. flask provided with an accurately 
fitting glass stopper, and 5 c.c. of the formaldehyde solution are then 
added. The flask is shaken and set aside for three to four hours. 
After this time it is shaken again, in order to dissolve the gaseous 
ammonia above the liquid. The stopper is raised carefully, 20 c.c. of 
iV/i acid are run in, and the solution is made up to 250 c.c. with water. 
The excess of the acid in portions of this solution is titrated 
by W/i, or, better, N/io sodium hydroxide, using one or at most 
two drops of rosolic acid (or litmus) as indicator; the requisite 
number of c.c. multiplied by ten, gives the number of c.c. of 

N/i sodium hydroxide required for the back titration, from which 

% 

^ Cf. also Clowes, Ber,, 1899, 32, 2841 ; J. Wolff, Outers, Nahr, u. Genussm., 1900, 3, 87. 

^ Legier, Ber.^ 1883, 16, 1333 ; Eschweiler, Ber,^ 1889, 2«, 1929 ; Annalen^ 1890, 258, 97. 

® Lcisekann, Ber,^ 1889, 22, 1565* ^ Comptes rend., 1893, 116, 891. 

® Pharm. ZeiU, 1895, 40, 43^* 
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the percentage of formaldehyde is easily calculated. The titration 
is performed best in a small white porcelain basin, in which the 
change of colour of the indicator can be more sharply detected than 
in a beaker. Formaldehyde is seldom neutral, but usually has a slightly 
acid reaction. It is therefore also advisable to determine the acidity, in 
a second experiment, with Nji sodium Iiydroxide and phenolphthalein, 
and to subtract the amount from the preceding result. The advantages 
of this method are the following : — a perfectly definite amount of 
ammonium hydroxide is used, only traces of ammonia are lost, and 
very much smaller volumes of liquid are titrated, in consequence of 
which only a trace of the indicator is necessary and the end-point is 
very much sharper.^ 

2. An aqueous solution of 3 g. of aniline in i litre of distilled water 
is continuously shaken and treated, drop by drop, with 2 c.c. of the 
formaldehyde solution to be tested. After forty-eight hours the 
precipitate is collected on a tared filter, dried at 40°, and weighed (an 
excess of aniline must be present in the filtrate). From the equation, 

CgHs.NHs + CHp - CgH^.N rCHg + HA 

Anliydroforin- 
aldehyde aniline. 

the percentage of formaldehyde in the solution can be calculated.^ 

M. Klar^ utilises the formation of anhydroformaldehyde-aniline in a 
volumetric method, which, however, has no advantage over the 
ammonium hydroxide method. 

The number of c.c. of Njio hydrochloric acid required to 
neutralise 10 c.c. of a solution of 3 g. of the* purest aniline in i litre 
of water is first determined. For this purpose, 10 c.c. of the solution 
are placed in a beaker, a few drops of Congo-red solution (i : 1000) are 
added, and Njio hydrochloric acid is run in, with stirring, until the red 
colour is changed to a violet strongly tinged with blue. This point is 
recognised by the fact that a further slight addition no longer changes 
the colour, and that a pure blue is obtained only with a much greater 
excess (Congo-red paper may also be used). The actual amount of 
aniline in the solution is calculated from the volume of acid used ; i c.c. 
of Njio hydrochloric acid represents 0-0093 g. of aniline. 

Four hundred c.c. of the titrated aniline solution are placed 
in a standard 500 c.c. flask, which* is shaken while i c.c. of the 
formaldehyde solution under examination is added, drop by drop, 
from a burette; the flask is then filled to the mark. After some 
time, an aliquot portion is filtered through a dry filter into a dry flask 
and the excess ^of aniline in $0 c.c. of the filtrate is determined by 
A710 hydrochloric acid, exactly as described above. The difference 

^ Cf, also Th. Salzer, Pharm^ 1895, 40, 157. 

® Trillat, Comptes rend,^ 1893, 116, 891. ^ Pharm» Zeit^ 1895, 40, 548. 
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between* the total excess and the amount of aniline originally present 
represents the quantity of aniline which has reacted with the formalde- 
hyde. The percentage of formaldehyde is easily calculated therefrom : — 

CHgO + . NHg = CqH, . N : CHo + Hp. 

3. O. Blank and H. Finkenbeiner ^ state that the ammonium 
hydroxide method gives inacturate results ; in solutions containing 
20 to 40 per cent, of formaldehyde, the result is about 1-5 per cent, too 
low. They have therefore elaborated a new method, in which the 
formaldehyde is oxidised to forqjic acid by hydrogen peroxide in 
alkaline solution and the excess of the alkali is titrated. 

Three grams of the formaldehyde solution (or i g. of solid formal- 
dehyde) are weighed in a weighing-bottle and introduced into 25 c.c, 
of Nj2 sodium hydroxide (30 c.c. are taken for solutions stronger 
than 45 per cent), contained in a tall Erlenmeyer flask. Immediately 
afterwards, 50 c.c. of pure 2-5 to 3 per cent hydrogen peroxide are added 
slowly (in about 3 minutes) through a funnel to prevent splashing. 
(The hydrogen peroxide must be tested for acidity, for which an 
allowance must be made in the calculation.) After remaining for two 
to three minutes, the funnel is rinsed with water (from which, in 
accurate estimations, the carbon dioxide has been completely expelled 
by boiling), and the excess of sodium hydroxide is titrated with N/2 
sulphuric acid. The indicator is a tincture of litmus. (When the 
tincture is being prepared, the reddish violet colouring matter must be 
extracted by alcohol, since otherwise the end-point is not sharp.) 
When solutions weaker than 30 per cent are being estimated, an 
interval of about ten minutes after the addition of the hydrogen 
peroxide must be allowed for the completion of the reaction. 

The percentage of formaldehyde is obtained directly by multiplying 
the number of c.c. of sodium hydroxide used by two when 3 g. of 
formaldehyde are employed, or by six when i g. of solid formaldehyde 
is taken. 

A considerable evolution of heat and violent foaming accompany 
the reaction, which occurs according to the equation : — 

2H.CH0 + 2Na0H + H202 - 2 H . C02Na + H2 + 2H2O. 

Probably the following reaction also takes place : — 

H.CHO + NaOH + HgOa = H . COgNa + 2H2O. 

An alternative method of carrying out this process is described by 
Frankforter and West^ 

The secondary reaction, indicated by the above equation, leads, 
according to Haywood and B. H. Smith,^ occasionally to incorrect 

^ Ber,, 1898, 31, 2979. ^ J. Amer, Chem, Soc.^ 1905, 27, 714. 

. 3 1905, 27, 1183. 
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results. They give the following method of performing 'the test. 
Fifty c.c. of N/i sodium hydroxide solution are mixed in a flask 
with SO C.C. of pure 3 per cent hydrogen peroxide solution, and 
then 3 C.C. of the formaldehyde solution under examination (the specific 
gravity of which has been previously determined) are added from a 
pipette, the point of which almost reacHes the 'liquid in the flask. A 
funnel is placed in the neck of the flask, and the whole is heated on the 
steam-bath for five minutes, with occasional shaking. The funnel is 
then rinsed with distilled water, the flask cooled to the ordinary 
temperature, and the excess of sodium hydroxide titrated with N/i acid, 
using litmus as indicator. 

W. Fresenius and L. Griinhut ^ recommend the following 
modifications Twenty-five to thirty c.c. of N/2 sodium hydroxide 
(free from carbonate) are run from a burette into a 500 c.c. Erlenmeyer 
flask. About 3 g. of the formaldehyde solution are weighed in a 
cylindrical weighing-tube with a well-ground stopper. The tube is 
opened and stood upright on the bottom of the flask without spilling 
any of its contents. The aldehyde and the alkali are then mixed by 
tilting and rotating the flask. At this point 50 c.c. of 3 per cent, 
hydrogen peroxide are immediately added through a funnel at such a 
rate that the whole is introduced in three minutes. After two to three 
minutes, or ten minutes in the case of a sample containing less than 
30 volumes per cent., the funnel and the walls of the flask are washed 
with water (free from carbon dioxide), and the excess of the alkali is 
titrated by NJi sulphuric acid, using litmus or azolitmin as indicator. 
Paraformaldehyde can be estimated in the same way, but not trioxy- 
methylene. 

4. Formaldehyde reduces free chloric acid, but not chlorates.^ The 
free chloric acid is not converted immediately into hydrochloric acid, 
but yields at first lower oxyacids, and then by further decomposition 
chlorine is generated, which reacts with the formic acid, simultaneously 
produced, to form carbon dioxide and hydrochloric acid. In the 
presence of a silver salt, however, the reduction proceeds thus : — 

HClOg + sH.CHO + AgNOs = 3H.CO2H + AgCl + HNOg. 

By further experiments, Griitzner showed that one molecule of 
potassium chloride or of silver chloride is produced from one molecule 
of potassium chlorate and three molecules of formaldehyde. 

The estimation is performed in the following way : — Approximately 
I g. of potassium chlorate is dissol^/ed in 20 to 30 g. of water in a 
glass-stoppered flask, and then 50 cx. of N/io silver nitrate, 5 c.c. of 
the formaldehyde solution, and a little nitric acid are added. Parchment 

^ Z. anal Chem.y 1905, 44, IZ\ Chem. Soc,^ 1905, 88, ii., 21 1. 

^ Griitr.ner, Arch* Pkarm,^ 1896, 234, 634. 
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paper is ’bound over the flask, which is then heated, with occasional 
shaking, for half an hour in a lukewarm water-bath. There is no 
necessity to remove the silver chloride formed, so, after cooling, the 
excess of the silver is titrated with Njio ammonium thiocyanate, using 
ferric alum as indicator; i c.c. of A710 silver nitrate represents the 
ten-thousandth part of three nfolecules of formaldehyde, ie.^ 0-0090 g. 
of formaldehyde. 

The analytical results can be controlled gravimetrically by weighing 
the separated silver chloride. 

5. Formaldehyde reacts with absolution of hydroxylamine hydro- 
chloride according to the equation : 

NHg.OH, HCl + CHoO = CH. : N . OH + Hp + HCl. 

A. Brocket and R. Cambier^ employ this reaction in a volumetric 
method in which the indicator is methyl orange, which has a neutral 
reaction towards hydroxylamine hydrochloride. 

6. Analogously to the Nessler reaction for ammonia in water, a colori- 
metric estimation 2 of formaldehyde at dilutions of from i : 100,000 to 
1 : 1,000,000 can be made by means of a solution of the sodium 
derivative of resorcinol (see p. 899 for the preparation). Since stable 
turbidities are not produced at very great dilutions, the heating of all 
of the standard solutions with the resorcinol solution must be done 
simultaneously. Five c.c. of the resorcinol solution and of the 
liquids under examination are placed in testing-glasses of equal 
thickness, which are shaken, placed altogether in the same beaker of 
glycerol, and heated. 

7. A cold aqueous solution of pure dihydrazinodiphenyl hydro- 
chloride (which has been recrystallised repeatedly and dissolves in 
water completely) is treated slowly and with continual stirring with the 
liquid containing the formaldehyde, and the mixture is warmed very 
gradually to 50° to 60° during the course of fifteen minutes. The 
precipitate is allowed to settle, and is then collected, without further 
delay, best on a Gooch crucible at the pump, washed first with hot 
water, and finally with alcohol and absolute ether, and dried in the 
oven at 90°. During the drying, the precipitate must retain its clear 
yellow colour. Only under this condition and at suitable dilutions are 
accurate results obtained. The dilution of the solution must be such 
that it contains one to two parts of formaldehyde to one-thousand parts 
of water. (The composition of the hydrazone is given on p. 899.) 

The method can be advantageously used where volumetric methods 
fail, namely, in the estimation of formaldehyde in mixtures containing 
other aldehydes, ketones, or acids. In this case, before the addition 
of the dihydrazinodiphenyl hydrochloride, the liquid under examination 

1 Compies rend.^ 1895, 120, 449. ^ Lebbin, Pharm. 1897, 42, 18. 



906 


ORGANIC DYES 


is treated, according to the amount of the other constituents, with 
one to two volumes of absolute ethyl alcohol, or better, methyl alcohol ; 
the estimation is otherwise performed as described for pure formalde- 
hyde solutions. 

When the solution does not contain substances, other than the 
formaldehyde, which attack the hydr£zine hydrochloride, iodine, or 
sodium thiosulphate, the aldehyde can be estimated volumetrically by 
determining, by E. von Meyer’s iodine and thiosulphate method,^ the 
excess of the hydrazine in the filtrate, after the removal of the pre- 
cipitated methylenediphenylenedihydrazone. Very largely diluted solu- 
tions, however, must be used, and on this account Blank and Finken- 
beiner’s method (p. 903) is preferable. 

8. E. Riegler’s gas-volumetric method : ^ — When hydrazine sulphate 
reacts with a solution of iodic acid, the whole of the nitrogen is 
liberated : 

5 N 2 H„H 2 S 04 + 4HI03 = SN 2 + 1 zHsO-fsHsSO.-t- 41- 

Formaldehyde •and hydrazine yield a hydrazone which is decomposed 
by iodic acid only after some time. When a standard solution of 
hydrazine sulphate is decomposed, with and without the addition of 
formaldehyde, the quantity of the latter can be calculated from the 
difference of the volumes of nitrogen evolved, since i c.c. of nitrogen at 
0° and 760 mm. represents 0-0027 g. of formaldehyde. The estimation 
is performed in the Knop-Wagner nitrometer. The solutions required 
are : 

I g. of hydrazine sulphate in 100 c.c.-of water, 
and 5 g. of pure crystallised iodic acid in 50 c.c. of water. 

Twenty c.c. of the solution of hydrazine sulphate are trans- 
ferred into the outer compartment of the generating vessel of the 
nitrometer by means of a pipette, and 20 c.c. of water are also added, 
whilst 5 c.c. of the solution of iodic acid are placed in the inner com- 
partment. The generating vessel is then closed by a rubber stopper 
and immersed in the cooling cylinder, which contains cold water, until 
the stopper is just covered by the water. After an interval of ten 
minutes, the level of the water is exactly adjusted to the zero of the 
graduated tube, the glass stopcock is firmly inserted and turned so that 
the generating vessel is put into cdmmunication with the graduated 
tube. The generating vessel is then removed from the cooling cylinder 
and shaken vigorously for half a minute, whilst previously 20 c.c. of 
water have been allowed to flow through the pinch-cock. The gener- 
ating vessel is replaced in the cooling cylinder, and after two minutes 
the volume of the liberated nitrogen is read. Twenty c.c. of the 
1 J.praU. Chm., 1887 [ii.], 36, 1 1 5. 

® Z. ami. CAem., 1901 , 40, 92 ; / CAum, Soc„ 1901 , 80, ii., 360 . 
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solution ^of hydrazine sulphate are then measured accurately into 
a flask, and a known volume of the aqueous formaldehyde solution 
under examination (the known volume must not contain, at most, more 
than o*o8 g. of formaldehyde) is added, and the mixture is shaken and 
allowed to stand for fifteen minutes. The mixture is then transferred 
to the outer compartiflent of the generating vessel of the nitrometer. 
The flask is rinsed with distilled water, and so much of the rinsings is 
placed in the generating vessel that the volume of the rinsings, plus 
the volume of the aqueous formaldehyde taken, measure about 20 c.c. 
Five c.c. of the 10 per cent iodic acid solution are transferred 
into the inner compartment by means of a pipette, and the estima- 
tion -is continued as above. 

9. L. Vanino ^ estimates formaldehyde in its solutions gravimetrically 
by silver nitrate. A precipitate of silver oxide is obtained by treating 
a solution of formaldehyde with silver nitrate and sodium hydroxide. 
By the addition of dilute acetic acid, the silver oxide is dissolved, whilst 
the precipitated silver remains unchanged. The reactions which occur 
are the following : — 

qAgNOg + qNaOH = 2Ag20 + 4 NaN 0 g + 2H20 
2Ag20 + 2Na0H + 2CH20 = 2H . COgNa + qAg-f 2H2O. 

For the estimation an aqueous solution of 2 g. of silver nitrate is 
treated with pure sodium hydroxide, free from chloride, until a strongly 
alkaline reaction is produced. Five c.c. of a solution of formal- 
dehyde, prepared from 10 c.c. of commercial formalin and 100 c.c. 
of water, are at once added, with stirring, and the mixture is set aside 
in the dark. After about fifteen minutes, the clear supernatant liquid is 
poured through a tared filter and the precipitate is digested three or 
four times with approximately 5 per cent, acetic acid, brought on to 
the filter, washed with water (faintly acidified with acetic acid) until 
free from silver oxide, dried at 105°, and weighed. 

10. The estimation of formaldehyde by potassium permanganate, 
according to H. M. Smith’s method, ^ fails through the difficulty of 
detecting the end-point. L. Vanino and E. Zeitter® find that good 
results are obtained in a strong sulphuric acid solution by means of 
hydrogen peroxide. Thirty -five c.c. of N/S potassium perman- 
ganate are placed in a vessel,'* best in a 250 c.c. flask fitted with 
a well-ground stopper, and are diluted with a previously prepared and 
cooled mixture of 30 g. of concentrated sulphuric acid and 50 g. of 
water. Into the mixture are© dropped, slowly and with constant 
shaking, S c.c. of an approximately i per cent, formalin solution, 
previously prepared by diluting 10 c.c. of commercial formalin to 

^ Z, anal. Chem.^ iQOij 7^0. ^ Analyst^ 1896, 21, 148. 

3 Z. anal. Chem.^ 1901, 40, 587. 
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400 ac. The flask is then stoppered, set aside for ten minutes, and 
occasionally shaken. The excess of the potassium permanganate is 
titrated with approximately Nj 10 hydrogen peroxide which has been 
standardised by potassium permanganate. According to Grossmann 
and Aufrecht,^ the mixture should be kept for one hour, otherwise too 
low results are obtained. 

11. A new method'^ of estimating formaldehyde is based on Curtius 
and Pulvermacher’s observation^ that formaldehyde and hydrazine 
yield formalazine : 

2CH20 + N2H„H2a = C2H4N2 + 3H2O. 

An excess of a solution of hydrazine hydrate, which has .been 
standardised with N/10 sulphuric acid, is digested with the formaldehyde 
solution under examination, and the uncombined hydrazine hydrate is 
titrated with N/io sulphuric acid, using methyl orange as indicator. In 
calculating the result, it must be remembered that i molecule of 
sulphuric acid combines with 2 molecules of hydrazine, forming the 
diammonium seTnisulphate (N2H4)2H2S04, not the diammonium sulphate 
(N2H4)H2S04. Since the solution of hydrazine hydrate does not long 
retain its value, it must be titrated with N/io sulphuric acid before each 
estimation, and its colour can be used as a guide in the back-titration. 

12. The condensation product of formaldehyde and catechin is 
very suitable for the estimation of formaldehyde or conversely of 
catechin.^ Twenty grams of catechin (air-dried, it contains 15 per 
cent, of water) are dissolved in 200 c.c. of hot water, treated with 
I c.c. of 5 per cent, hydrochloric acid and 30 c.c. of 40 per cent, 
formaldehyde solution, and digested on the water-bath for one hour. 
Almost concurrently with the addition of the formaldehyde, a flocculent, 
amorphous, nearly white precipitate is produced, which weighs 17 g. 
after being collected and dried in a vacuum. 

Clauser is of opinion that the reaction ought to serve admirably for 
the estimation of formaldehyde and also of catechin. 

13. C. Kleber recommends the following simple method for the 
estimation of formaldehyde and paraformaldehyde: — A concentrated 
solution of commercial sodium hydrogen sulphite is treated with 
sodium hydroxide until the odour of sulphur dioxide has com- 
pletely disappeared, and is then diiuted with water until 30 c.c. of 
the solution correspond exactly with 50 c.c. of N/i sodium hydroxide, 
using phenolphthalein as indicator. Five c.c. of the formal- 
dehyde solution, which generally h^s an acid reaction, are neutra- 
lised by sodium^ hydroxide, using phenolphthalein as indicator, and 
are then titrated with the preceding solution of sodium hydrogen 

1 1906,39, 2455. ® A. Pfaff, Ben , 1893, 26, 2360. 

- Chm ^ Zeit ^ 1902, 26, 701, ^ R. Clauser, Ber ., 1903, 36, 106, 
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sulphite ilntil the red colour again vanishes. Concentrated solutions, 
in consequence of a spontaneous development of heat, can be titrated 
readily, but weaker solutions require warming towards the end of the 
titration. For the dilutions given, the number of c.c. of the sulphite 
solution used represents the number of grams of formaldehyde in 
lOO volumes of the solution, fa the case of paraformaldehyde, 2 g. of 
the substance are dissolved in a little water and titr^Jted in the same 
way ; i c.c. of the sodium hydrogen sulphite solution represents 0-05 
g. of paraformaldehyde. The prepared solution of sodium hydrogen 
sulphite is serviceable so long as^it does not smell too strongly 
of sulphur dioxide.^ 

14. M. Ripper 2 describes the following volumetric method, which is 
generally used : — 

An aqueous solution of the aldehyde is treated with an excess of a 
solution of an alkali hydrogen sulphite, in which the amount of sulphur 
dioxide has been previously determined by iodine. After a short time 
the whole of the aldehyde is combined with the hydrogen sulphite, 
which in this form is not oxidised by iodine. The residual sulphurous 
acid is titrated, and the amount of the aldehyde is calculated from the 
difference. An aqueous 0-5 per cent, solution of the aldehyde and a 
solution of 12 g. of potassium hydrogen sulphite per litre are the best 
to use, since with these concentrations reduction of the sulphuric acid 
by iodine during the titration need not be feared. 

(The method is also applicable to acetaldehyde, benzaldehyde, etc.) 

15. A. Seyewetz and Gibello^ base a method of estimating 
formaldehyde and its polymerides on the following facts : — 

Formaldehyde and sodium sulphite alone do not interact in the cold. 
By the addition of sulphuric acid to the solution, the sulphite is 
converted into the hydrogen sulphite and the sulphate, the former of 
which is at once absorbed by the formaldehyde. Since the formalde- 
hyde sodium hydrogen sulphite compound has a neutral reaction 
towards phenolphthalein, the sulphuric acid does not decolorise this 
indicator until the whole of the formaldehyde has been converted into 
the additive compound. The reaction occurs, therefore, according to 
the following equation : — 

6 Na 2 S 03 + 2(CH20)3 + 3H2S04 = 

The reaction is very suitable for the rapid titration of the poly- 
merides of formaldehyde. For this purpose 20 c.c. of an approximately 
20 per cent solution of sodium sulphite are titrated, using one drop of 
alcoholic 2 per cent, phenolphthalein as indicator, in order to ascertain 
the amount of standard acid required to neutralise the- alkalinity of the 
sulphite solution. Then 0-5 to 07 g. of the trioxymethylene under 

^ Pharm.Rev.^ 1904, 22, 1894. ^ MonaisL^ igoo, 21, 1079. 

3 Bull Soc. Chim., 1904 [Hi.], 31, 691 j J, Ckem, Soc,, 1904, 86, ii., 521. 
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examination is dissolved in 20 c.c. of the sulphite solution" which is 
again titrated. An excess of sodium sulphite is necessary to ensure 
the immediate formation of the bisulphite compound. It is advisable 
not to add more phenolphthalein than is just necessary. 

16. G. Lemme 1 bases a method of estimating formaldehyde in solution 

on the reaction : — ^ 

H.CrfO + NagSOg + Hp = CH 2 ( 0 H)S 03 Na + Na0H. 

The liberated sodium hydroxide is titrated by sulphuric acid. 

17. W. Fresenius and L. Griinhut^ employ Romijn’s iodometric 
method^ in the following wayf — Twenty-five c.c. of the formal- 
dehyde solution are weighed accurately in a tared weighing-bottle 
with a well-ground stopper, and are washed without loss into a 
500 c.c. flask. The solution is made up to the mark, and 5 c.c. 
are accurately measured, into a bottle with a well-ground stopper. 
Thirty c.c. of N/i sodium hydroxide, which need only be measured 
in a graduated cylinder, are rapidly added. About 50 c.c. of iV/S 
iodine are immediately run in from a burette with frequent shaking, 
until the liquid is deep yellow. The bottle is stoppered, well shaken 
for half a minute, and the contents acidified with 40 c.c. of N/i 
sulphuric acid (measured in a graduated cylinder), and after a short 
time, during which the bottle is kept stoppered, the excess of iodine 
is titrated with N/10 sodium thiosulphate. Special attention must 
be given to the presence of any iodine in the potassium iodide used 
and of any nitrite in the alkali hydroxide. Hitherto, investigators 
have never troubled about acetone and ethyl alcohol — impurities in 
the formaldehyde solution which render the method inaccurate. Both 
would be detected by the iodoform reaction. 

18. Feder’s test (p. 900) can also be used for the quantitative 
estimation of formaldehyde. A similar test has been proposed by 
Orloff,^ in which a solution of mercuric-potassium iodide is employed 
instead of the mercuric solution used by Feder. 

After a comparative examination of the different methods of 
estimating formaldehyde, Bernhard H. Smith ^ arrives at the following 
conclusions : — 

Blank and FinkenbeineFs method is specially suitable for con- 
centrated solutions, and for such gives accurate results. It is important 
to wait a few minutes after the addition of the hydrogen peroxide, 
before back-titrating. 

LegleFs method gives rather lower results than the preceding 

1 Chm. ZeiU^ 1903, 27, 896. 2 Chem,^ 1905, 44, 13. 3 ^6, 18. 

4 /. Russ. Rhys. CRem. Soc., 1904, 36, 1311 ; /. Soc. Chem. Ind., 1905, 24, 348. 

Chem. Soc., 1903, 25, 1028 ; Z angew. Chem., 1904, 1 % 303 ; see also 2 . Peska,, 
Chem. Zett., 1901, 25, 743 ; A. G. Craig, Amer. Chem. Soc., 1901, 23, 638 j 0 . Blank and H. 
Finkenbeiner, Chem. Zeit., 1901, 25, 794 ; C. Wallnitz, Z. angew. Chem., 1903, 16, 326. 
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method, ^he back-titration should be performed after twenty-four 
hours, using rosolic acid as indicator. The end-point of the titration 
is not sharp. 

The gravimetric hexamethylenetetramine method is not practicable, 
since the hexamethylenetetramine loses weight continuously while 
drying. • ^ 

The oxidation of formaldehyde by iodine, according to the methods 
of Romijn and others, gives good results for dilute formaldehyde 
solutions, and the same is true of the potassium cyanide method, by 
which even one part of formaldehyde in 100,000 parts of water can be 
estimated 

Volumetric methods with aniline solutions did not give any result, 
since the end point of the titrations could not be detected 

Williams^ has also made a study of the methods for the estimation 
of formaldehyde, and his conclusions are, in the main, the same as 
Smith’s. 

Formaldehyde is employed in the colour industry for the preparation 
of diphenylmethane derivatives (auramine), of triphen3^methane dyes 
(new magenta, formyl violet, Helvetia blue, aurintricarboxylic acid), 
and of a few dyes of the acridine series. 

Estimation of Methyl Alcohol in Formaldehyde. 

I. Method of the Verein fiir chemische Industrie.^ Ten grams of 
concentrated formaldehyde, containing 40 per cent of the aldehyde, 
are weighed in a tared, 100 c.c. flask, which is then filled to the 
mark with distilled water. Five c.c. of this diluted solution are 
heated in a sealed tube at 140° for six hours with 100 c.c. of a 
solution of potassium bichromate, which contains 29*52 g. of potassium 
bichromate and 32 g. of concentrated sulphuric acid per litre. After 
cooling and diluting the liquid to 250 c.c., 25 c.c. are treated with 
potassium iodide and hydrochloric acid and titrated with Njio sodium 
thiosulphate. Before titrating, the solution must be shaken for five 
minutes with the potassium iodide and hydrochloric acid. 

Example. — Twenty -five c.c. of the diluted potassium bichro- 
mate solution required 15*3 c.c. of -V/io sodium thiosulphate, repre- 
senting 0*0752 g. of potassium bichromate. Consequently, the whole 
solution (250 C.C.) contains 0*752 g. of potassium bichromate, since 
100 c.c. of the potassium bichromate solution, containing 2*952 g. of 
potassium bichromate, were originally added. Therefore 2*2 g. of 
potassium bichromate have been used in oxidising formaldehyde, formic 
acid, and any methyl alcohol which is possibly present The analysis 
of the aldehyde solution showed the presence of 40*3 per cent, of 


J. Amer. Chem. Soc.^ 1905? 27 j 59 ^* 


^ Z. anal. Chem.., 1900, 39, 62. 
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formaldehyde and o-i per cent, of formic acid, so that in the 5 c.c., 
corresponding with 0-5 g. of the formaldehyde solution, o-20is g. of 
formaldehyde and 0-0005 g. of formic acid are present. 

Potassium 

bichromate. 

0-2015 g. of formaldehyde requires for complete oxidation . . 1*32 g. 

0-0005 g. of formic acid „ ^ » . . o^ooi g. 

^ Total . . 1*321 g. 


Consequently, 2-2 to 1-321 ( = 0-879 g.) of potassium bichromate have 
been used in oxidising methyl alcojiol, the amount of which, therefore, 
is 0-0953 g., representing 19-06 per cent 

CHgOH + K^Crp^ + qHsSO^ = 00^ + 611^ + K^SO^ + 0x^80 

This process is carried out by Blank and Finkenbeiner ^ as follows : — 
One gram of the formaldehyde is weighed out, and is then added to 
a mixture of 50 c.c. of a NI2 solution of chromic acid and 20 c.c. of pure 
concentrated sulphuric acid. After standing for about twelve hours, or 
a shorter time if heat be employed, the liquid is diluted to i litre, and 
50 C.C. are titrated with Njio thiosulphate after the addition of a crystal 
of potassium iodide. The quantity of methyl alcohol is calculated as 
above. 

2. Another method for the estimation of methyl alcohol depends on 
the well-known reaction : — 

2H.CHO + NaOH = CHg.OH + H.CO^Na. 

One hundred grams of the aldehyde are weighed into a strong, not 
too small, round-bottomed flask, which, after the addition of 700 g. 
of NI2 sodium hydroxide, is connected to an efficient upright water- 
condenser, above which is attached a spiral condenser cooled by ice. 
The flask is heated to boiling for two hours. When the condensers 
are not large and cold enough, a considerable loss is easily entailed, and 
low values for methyl alcohol are obtained. After the apparatus has 
cooled, the vertical condenser is removed and 300 to 400 c.c. of the 
liquid are distilled with efficient cooling. The amount of methyl 
alcohol in the distillate is ascertained by an accurate determination of 
the specific gravity, from which the percentage of methyl alcohol in 
the original aldehyde solution is calculated. The preceding equation 
shows that the aldehyde present is' decomposed, and the distillate 
contains, therefore, first, methyl alcohol produced by the decom- 
position of formaldehyde, and secondly, methyl alcohol present as such 
in the aldehyde solution. The first amount, which is calculated from 
the known percejitage of formaldehyde, is subtracted from the total 
amount of methyl alcohol, and the difference gives the amount of free 
methyl alcohol present in the aldehyde solution under examination, 

1 Ber .^ 1906, 39, 1326. 
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The specffic gravity of the distillate, which must be exact to the fourth 
decimal place, must be determined very accurately by a pyknometer, 
and exact tables must be used for the calculation. It is advisable to 
use the purest possible sodium hydroxide. Usually the results are 
fairly correct, but unfortunately are not absolutely trustworthy because 
in many cases the dec«mposifeon of the aldehyde not only proceeds 
according to the equation given above, but also yields •other substances, 
sugar, etc., with the result that the amount of free methyl alcohol is too 
low ; for example, only 1 8 per cent instead of 20 per cent The error 
must never be greater than this. . 

3. A third method depends on the condensation of the formaldehyde 
with a suitable substance, removal of the methyl alcohol by distillation, 
and a determination of the specific gravity of the distillate.^ It is 
performed in the following way : — 

Forty c.c. of water are heated to boiling in a small flask, and 
no g. of crystallised sodium sulphanilate (for products containing a 
low percentage of methyl alcohol, it is sufficient to use 90 g. of sodium 
sulphanilate and 35 c.c. of water) are added in small portions, and the 
mixture is again boiled until all is dissolved. The flask is cooled 
rapidly and the crystalline cake is coarsely broken by a glass rod. 
Exactly 20 c.c. of the formaldehyde solution under examination are 
then run in. The flask is closed by a cork and kept for three to four 
hours with occasional shaking. In order to save time, the flask may be 
placed on a water-bath, maintained at 35° — 40°, whereby the reaction 
is completed in one and a half to two hours. After this time the 
odour of formaldehyde is mappreciable, the crystals of sodium sulphanil- 
ate have dissolved almost entirely, and the contents of the flask are 
fairly viscous. 

(The condensation requires a considerably longer time when 
sodium sulphanilate is used directly, without being brought into a 
state of fine division in the way given above.) 

The flask is then connected to a long tube-condenser by means of 
a delivery tube filled with beads, and its contents are distilled on a 
sand-bath, or, better, in an oil-bath (temperature 125° to 145°). Thirty 
to thirty-five c.c. are distilled over, the condenser is washed out 
with water, and the distillate and washings are made up to volume 
in a 50 c.c, flask. In order ta avoid loss during the distillation, 
it is advisable to moisten the condenser and the receiver before 
distilling, since the first drops of the distillate are particularly rich in 
methyl alcohol. A very convenient form of condenser is that of Sauer 
and Gdckel, which contains two tubes and can be connected air-tight to 
the receiver. 

The density of the distillate is determined by a pyknometer, 

^ R. Gnehm and F. Kaufler, Z, ang£w, Chem.^ 19^4) i 7 j 673. 
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which should have a ground-in thermometer, since variations of the 
temperature from 15° cause great errors. The contents of the 50 
C.C. flask are cooled in water at 10'' — 12°, and poured into the 
pyknometer, and the temperature is allowed to rise slowly to 15° by 
keeping the pyknometer in a moderately warm place. As soon as 
this temperature is attained the pykncfmeter -?s wiped with fibreless 
filter-paper, the c^p is affixed, and the apparatus weighed after a short 
interval in the balance-case. The weights of the pyknometer, empty 
and filled with distilled water at 15°, will have been determined previ- 
ously. Since the method is employed for technical purposes, the specific 
gravity given in the following table and referred to distilled water at 
15°, have not been reduced to their values in vacuo. The values jnust 
be multiplied by 2*5, since the 20 c.c. have been diluted to 50 c.c. 
When ascertained under the preceding conditions — that is, without a 
thermostat and without those precautionary measures which are 
essential for an accurate determination — the specific gravity varies at 
most by o-oooi, and therefore, after multiplying by 2-5, the error is 
less than 0-2 per cent. The exact specific gravities of dilute methyl 
alcoholic solutions are given by Dittmar and Fawsitt ^ also p. 894), 
and confirm the values given below, calculated from the following 
equation : — 

If Po = weight of pyknometer, empty 

Pw = ,) ,, with water at 15° 

P )) „ „ the solution at 15® 


then the specific gravity is given by : 




IS 


15 


P-Pq 
Pz. - Po 


Grras. of 
Methyl Alcohol 
in 100 c.c. 

calculated. 

15 

d— found. 

15 

0*2 

0-99957 

0-99962 

0*4 

0-99924 

0-99923 

0*6 

0-99887 

0-99887 

0*8 

0-99849 

0-99849 

0*99 

0-99813 

0-99808 

1*19 

0-99777 

0-99772 

1*59 

0-99703 

0-99697 

1*99 

0-99630 

0-99638 

2*13 

0-99605 

0-99609 

2*38 

0-99552 

0-99549 

3*57 

0-99348 

0-99352 

4*77 

0-99141 

0-99140 

6*36 

0-9987» 

0-99873 

7*95 

0-98622 

0-98622 

* 8*92 

j 0-98549 

0-98546 

9*54 

0-98378 . 

0-98379 


1 r vans. Roy, Soc. Edinburgh, 1889, 33, 509 j cf. /. Chem, Soc., 1889, 56, 578. 
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From a series of specific gravity determinations with mixtures of 
methyl alcohol and water containing o to lo g. of methyl alcohol in 
100 C.C. of the mixture, the following empirical formula is derived : — 

= I - 0 . 00189 / + 0 . 00002 /^ 

ij 

where p represents the weight, in grams, of methyl alc(5hol in 100 c.c. 

(The following table is calculated from the preceding formula. The 
last decimal figure is not absolutely trustworthy, as is also shown by 
the specimen analyses.) 

D~ of Dilute Solutions of Methyl Alcohol. 


Grms. 
in 100 c.c. 

15 

Grms. 
in 100 c.c. 

16 

1 

Grms. 
in 100 cc. 

16 

0*1 

0*99981 

3*5 

0*99360 

6*8 

0*98805 

0’2 

0*99962 

3*6 

0*99343 

6*9 

0*98789 

0*3 

0*99943 

3*7 

0*99325 

7-0 

0-98773 

0-4 

0*99924 

3*8 

0*99308 

7*1 

0-98757 

0-5 

0*99905 

3*9 

0*99291 

7*2 

0*98741 

0-6 

0-99887 

4*0 

0-99273 

7*3 

0*98725 

0-7 

0*99868 

4*1 

0*99256 

7*4 

0-98709 

0-8 

0*99849 

4*2 

0*99239 

7*5 

0*98693 

0*9 

0*99831 

4*3 

0*99221 

7*6 

0*98677 

1*0 

0*99812 

4*4 

0*99204 

7*7 

0*98661 

1*1 

0-99793 

4*5 

0-99187 

7*8 

0*98646 

1*2 

0-99775 

4*6 

0*99170 

7*9 

0*98630 

1*3 

0-99756 

4*7 

0*99153 

8*0 

0*98614 

1*4 

0*99738 

4*8 

0*99136 

8*1 

0 98599 

1*5 

0*99720 

. 4*9 

0*99119 

8*2 

0*98583 

1*6 

0*99701 

5*0 

0*99102 

8*3 

0*98568 

1*7 

0*99683 

5*1 

0*99085 

8*4 

0*98552 

1*8 

0*99665 

5*2 

0*99069 

8*5 

0*98536 

1*9 

0*99647 

5*3 

0*99052 

8*6 

0*98521 

2*0 

0*99628 

5*4 

0*99035 

8*7 

0*98505 

2*1 

0*99610 

5*5 

0*99018 

8*8 

0*98490 

2*2 

0*99592 

5*6 

0*99002 

8*9 

0*98475 

2*3 

0*99574 

5*7 

0*98985 

9*0 

0*98460 

2*4 

0*99556 

5*8 

0*98968 

9*1 

0*98445 

2*5 

0*99538 

5*9 

0*98952 

9*2 

0*98430 

2*6 

0*99520 

6*0 

0*98936 

9*3 

0*98415 

2*7 

0*99502 

6*1 

0*98919 

9*4 

0*98400 

2*8 

0*99484 

6*2 

0*98903 

9*5 

0*98384 

2*9 

0*99466 

6*3 

0*98886 

9*6 

0*98369 

3*0 

0*99449 

6*4 

0*98870 

9*7 

0*98354 

3*1 

0*99431 

6*5 

0*98853 

9*8 

0*98340 

3*2 

0*99413 

6*6 

► 0*98837 

9^9 

0*98325 

3*3 

3*4 

0*99396 

0*99378 

, 

6*7 

0*98821 

10*0 

0*98310 


It remains to be stated that*" very small quantities of reducing 
substances can always be detected by ammoniacal silver nitrate 
solution in the distillates, which retain a peculiar odour quite different 
from that of formaldehyde. That these substances are present only in 
minute traces is proved by titrating the distillates from aldehyde 
II 3 ^ 
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solutions, which are practically free from methyl alcohol, with potassium 
permanganate. Since, however, they are apparently heavier than 
water, their presence introduces a small error, causing the results to 
be too low by about 0-5 to 0‘6 g. in 100 c.c. of solution. 

4. H. Bamberger^ recommends the fallowing method, which should 
give somewhat higher and more correct results f— 

Fifty c.c. of the aldehyde are treated with 140 c.c. of a solution 
of sodium hydrogen sulphite containing i g.-mol. in 200 c.c. 
(therefore a small excess). The flask is closed by a tightly-fitting 
cork and kept for four to five kours until the hydroxymethylene- 
sulphonic acid has been formed. When the condensation is complete, 
the mixture is exactly neutralised by sodium hydroxide. The. end- 
point is found by ‘^spotting’* on brilliant-yellow paper or phenol- 
phthalein paper, since the addition of alcoholic phenolphthalein is 
inadmissible. The first drop of the alkali in excess is thus accurately 
shown. If the solution has been accidentally rendered alkaline, the error 
can be rectified^ without trouble by the addition of dilute sulphuric acid 
or of the bisulphite solution until only a faint alkaline reaction is 
produced. After neutralising, the flask is connected by a delivery 
tube to a condenser, and by distillation from an oil-bath about 75 c.c. 
of distillate are collected in a 100 c.c. measuring flask. After filling 
the flask to the mark, the specific gravity at 1 5° is determined by Mohr's 
balance. 

5. Zeisel’s iodide process‘d is suitable for the estimation of methyl 
alcohol in commercial formaldehyde.^ 

Five c.c. of formalin are diluted with *100 c.c. of water, made 
strongly alkaline with ammonium hydroxide, and distilled until 50 
c.c. have been collected in a 100 c.c. flask. The contents of the flask are 
faintly acidified with pure acetic acid, and made up to the mark ; 5 c.c. 
of the solution are submitted to the iodide process. 

Agi X 54. 5 7 represents g. of methyl alcohol in 100 c.c. of formalin. 

It is not yet decided which of the proposed methods gives the most 
accurate results, but H. Bamberger's method is generally preferred from 
its practicability and cheapness.^ 

II. Formic AcM, H.CO^H. 

Anhydrous formic acid, which is now a commercial product, is 
prepared by treating sodium formate with sulphuric or hydrofluoric 
acids or sodium hydrogen sulphate, amd distilling. The sodium salt is 
made by the action of carbon monoxide on powdered sodium hydroxide 

^ Z angew» Ckem,^ 1904, 17, 1246. 

2 Z ami Chem., 1904, 43, 387, s ^2, 401. 

^ M. J, Stritar, R. Gnehm, and F. Kaufler, Z angew, Ckem»^ 1905, 18, 93. 
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under pressure. Pure anhydrous formic acid melts at boils 

at ioo°-6 under a pressure of 760 mm., and has a sp. gr. of 1*22 at 
20°. Formic acid may be estimated by the following methods : — 

1. Oxidation by sodium hypobromite : A measured volume of 
standard hypobromite solutioij (made by dissolving 15 g. of sodium 
hydroxide in 450 c.c. of water, cooling, adding 5 c.c^ of bromine, and 
making up to 500 c.c.) is diluted to 70 to 100 c.c. in a stoppered flask, 
and the formic acid added in such a quantity that about half the 
hypobromite remains in excess. Dilute hydrochloric acid is dropped 
in from a pipette until the yeMow colour of bromine becomes 
permanent. The solution is then kept for thirty minutes in the 
dark, after which about i g. of potassium iodide and 10 to 20 c.c. of 
dilute hydrochloric acid are added, and the liberated iodine titrated 
with Njio thiosulphate solution. The difference between the initial 
and final iodine values gives the amount of hypobromite used. One 
c.c. of Njio thiosulphate corresponds with 0-0023 g. of formic acid, 

2. Oxidation by potassium permanganate : ^ — A measured volume 
of formic acid (or formate) solution, containing not more than i per 
cent, of the acid, is placed in a stoppered flask, an excess of Njio 
permanganate solution and 0*5 g. of anhydrous sodium carbonate are 
added, and the mixture is heated in a water-bath for thirty minutes. 
After cooling, 75 c.c. of water, 25 c.c. of dilute sulphuric acid, and 2 g. 
of potassium iodide are added, and the liberated iodine is titrated with 
thiosulphate solution.^ 

3. Oxidation by mercuric chloride : — To the solution containing 
0-2 to I g. of formic acid, as a solution salt, in i litre, are added 7-5 to 
15 g. of mercuric chloride, dissolved in 100 to 203 c.c. of hot water; the 
liquid is stirred and heated on a water-bath, until the precipitated 
mercurous chloride has settled, and then sodium hydroxide is added 
to the hot liquid, until a brownish precipitate of mercuric oxide becomes 
permanent. The liquid is again heated on the water-bath, and after 
the precipitate has completely settled, the neutralising is repeated. The 
precipitate is once more made to settle by heating on the water-bath, 
and then 20 c.c. of strong hydrochloric acid are added and the heating 
continued for an hour. The whole process of reduction takes about 
two and a half hours. The precipitate is collected in a Gooch crucible, 
well washed with hot water, driecf for six to eight hours in the steam 
oven and then for several hours in a vacuum desiccator ; its weight, 
multiplied by the factor 0-097726, gives the corresponding weight of 
formic acid. When it is not possible to carry out the determination 

^ E. Rupp, Arch. Pharm.y 1 90S, 243, 69. 

2 E. Rupp, Z. anal. Chem.^ 1 906, 45, 687. 

3 Cf. Grossmann and Aufrecht, Bcr.^ igo6, 39, 2455. 

^ H. Franzen and G. Greve,/. praki. Chem.^ 1909, [ii.], 80, 368. 
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directly on the solution to be examined, accurate results may be 
obtained by first distilling the formic acid in a current of steam and in 
the presence of phosphoric acid, using the neutralised distillate for the 
estimation. 

12. Carbonyl Chloride (Phosgene), COClg. 

<? 

Carbonyl chloride is used in the preparation of Michler’s ketone, 
crystal violet, a few azo dyes, etc, and is usually prepared in the colour 
works. It is also brought on the market in bombs or (in smaller 
quantities) dissolved in toluene. 

It is prepared by passing an equal molecular mixture of chlorine 
and carbon monoxide over animal charcoal. 

Carbonyl chloride is a malodorous liquid, which has a sp. gr. of 1-432 
at 0°, and boils at 8°-2. It is very easily soluble in benzene or glacial 
acetic acid, and is decomposed slowly by cold water, rapidly by hot, 
yielding carbon dioxide and hydrochloric acid. It should not contain 
free chlorine ; accordingly on treatment with potassium iodide at most 
a faint yellow cblour should be formed but no brown, flocculent precipi- 
tate (iodine) should result. 

13. Iodine. 

Iodine is put on the market chiefly in two forms. The ordinary 
crude iodine consists of grey lumps of crystalline texture, and has the 
appearance of graphite ; the purer resublimed iodine consists of grey, 
glistening leaflets. Iodine is used in the colour industry for the 
production of blue-shade eosins. 

Its complete volatility and also its solubility in alcohol and in a 
solution of potassium iodide are frequently regarded as criteria of its 
purity, but do not furnish, however, a sufficient guarantee, since crude 
iodine very often contains iodine chloride, cyanogen iodide, and other 
volatile substances. With most kinds of iodine recourse must be had 
to quantitative estimation by titration with sodium thiosulphate or 
sodium arsenite. 

The titre is obtained in the usual way by means of pure iodine or 
arsenious acid. In its examination about 10 g. of the finely-powdered 
average sample and twice the quantity of pure potassium iodide are 
dissolved and made up to a litre, and about 50 c.c. of the solution are 
taken for the analysis. Sodium tMosulphate or sodium arsenite is 
added in excess, and the excess of the reagent is titrated with Njio iodine 
until a faint blue coloration is produced in the starch-paste indicator.^ 

14. Bromine. 

Bromine is a dark, reddish brown liquid which boils at 63'' 
and volatilises even at the ordinary temperature. It solidifies in the 

1 Cf, Vol. L, pp. 1 12 etseq. 
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cold to ^ glistening, metallic - looking leaflets which melt at 7°- 3. 
Its sp. gr. is 2*97 at 0°. It is sparingly soluble in water, easily so 
in glacial acetic acid or ether. Commercial bromine is usually almost 
pure, and can be used without further examination. It is employed in 
the colour industry for the preparation of ethyl bromide and for the 
production of bromirmted fluoresceins (eosin, etc.). Practically all 
bromine is obtained from the salts in the StassfiJrt mother liquors 
by distilling these with manganese dioxide and sulphuric acid. 

15. Hydrogen Peroxide, H^Oo. 

The commercial product is usually a 3 per cent solution of hydrogen 
peroxide, which often contains phosphoric acid and mineral salts such 
as sodium chloride, magnesium chloride, and sodium sulphate. 

The percentage of hydrogen peroxide is estimated by titration with 
potassium permanganate. 

One c.c. of the hydrogen peroxide solution is diluted to 300 
C.C. with distilled water; about 30 c.c. of dilute sulphuric acid are 
added, and the mixture is stirred continuously while Njio potassium 
permanganate is added, drop by drop, until a faint permanent pink 
colour is produced. 

One c.c, of N/10 potassium permanganate contains 0*00316 g. of 
the crystallised salt, and represents 0*0017 g. of hydrogen peroxide. 

The content of commercial hydrogen peroxide is frequently given 
as a volume percentage. This expression is intended to designate the 
quantity of oxygen gas produced by the decomposition of i c.c. of the 
hydrogen peroxide solution. One c.c. of 3 per cent, hydrogen peroxide 
solution evolves ten volumes of oxygen ; such a solution is termed 
a lo-volume-per-cent. solution.^ 

16. Zinc Dust .2 

Zinc dust is a by-product in the metallurgical production of zinc, 
and is a mixture which contains, in addition to metallic zinc, variable 
quantities of zinc oxide and small amounts of lead, cadmium, arsenic, 
etc. It is extensively employed in the colour industry as a very 
energetic reducing agent 

^ Cf. also P. Sisley, on “ The Analysis 5 f Commercial Hydrogen Peroxide,” Gen. Mat, 
Col, 1901, 5, 209 ; 1904, 8, 167; also W. B. Dehn, J, Ariter, Chem, Soc., 1907, 29, 
the estimation of acids in hydrogen peroxide, cf. Endemann, Z, angew. Chem,, 1909 22, 673. f Ckem, 
Soc., 1909, 96, ii., 432 ; Liining, Z. a?igew. Chem., 1909, 22, 1549,7*. Soc., 1909, 96, ii., 826. 
For the valuation of sodium peroxide, cf E. Rupp, Arch, Pharm., 1902, 240, 437 ; Chem.Zeif,, 
1905, 29, 443 ; H. Grossmann, Chem. Zeit,, 190$, 29, 137. ^ 

2 Cf this Vol., p. 295 ; also L. de Koninck and M. Grandry, Bull Assoc. Beige, des Chhn., 
1902, 16, 234 ; f. Chem. Soc,, 1903,84, ii., 105. L. de Koninck, “Apparatus for the Gasometric 
Estimation of the Metal in Zinc Dust,*’ etc., Bull, Assoc. Beige, des Chim., 1903, 17, 112 ; y. Chem, 
Soc, 1903, 84, ii., 758 i Wohl, Ber., 1904, 37, 451. 
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Since the metallic zinc is the only effective constituent, its estima- 
tion is absolutely necessary in testing the quality. This can be 
done in different ways. 

1. R. Fresenius proposes to estimate the percentage of zinc from 

the volume of hydrogen liberated by acids. Beilstein and Jawein have 
developed the method. A more suitable apparatus is described by 
F. Meyer.^ The 'azotometer (Vol. I., p. 125), the nitrometer with the 
attached bottle (Vol. I., p. 132), or the gas volumeter (Vol. L, p. 138), 
can also be employed for the purpose. A simpler apparatus has been 
described by O. Bach.^ r 

In all these cases the volume of the evolved hydrogen is first 
obtained and reduced to the volume of dry gas at 0° and 760 mm. in 
the usual way. Since i litre of hydrogen weighs 0-08995 g., and the 
atomic weight of zinc is 65-4, the number of c.c. of hydrogen must be 
multiplied by 0*002919 in order to calculate the weight of available 
zinc in grams. 

2. A more ^ convenient method is that proposed by Drewsen,^ 
which is based on the fact that finely divided metallic zinc reduces a 
solution of chromic acid (potassium bichromate and sulphuric acid) 
without the evolution of hydrogen, according to the equation : 

zCrOg •+- 6H = 3^2^* 

The method is described on p. 298. 

It must be noted that this, like all other methods depending on an 
estimation of the reducing power of zinc dust, does not determine the 
actual amount of metallic zinc. 

Any cadmium and iron present likewise reduce the chromic acid, 
and are therefore always estimated as zinc, but this is immaterial since 
the commercial value of zinc dust is represented by its reducing power 
alone. 

3. Perhaps the best method is that described by Wahl,^ which is 
as follows:— 0*5 g. of the zinc dust is shaken with 25 c.c. of cold 
water, and 7 g. of pure neutral ferric sulphate is added. In fifteen 
minutes the zinc will have dissolved (with the exception of impurities) 
with reduction of an equivalent quantity of the ferric salt, and without 
evolution of hydrogen if acid is absmt. The solution is then acidified 
and titrated with permanganate. The ferric sulphate is prepared by 
oxidising a mixture of five parts of ferrous sulphate and one of 
sulphuric acid with excess of nitric acid, evaporating to dryness, grinding, 
and washing with alcohol until no longer acid, and drying thoroughly. 
A blank test is desirable. 


^ Z attgew, Ckem.^ 1894, 7 > 435 - 

2 Ibid,^ 1894, 7, 291. 


3 Z anaL Chem., 1880, 19, 50. 

\ J, Soc, Chem, Ind.^ 1897, 16, 1 5. 
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G. Kl^mp^ recommends the estimation of zinc dust by boiling with 
a standard alkaline solution of potassium iodate. 

By estimating the iodine liberated on acidification, the amount of 
the reduced iodate, and therefore that of the active zinc, is calculated. 
The method is not very practical, since the liberated iodine must be 
removed by distillation^beforell^eing titrated. 

17. Zinc Chloride, ZnCl^. 

Anhydrous jzinc chloride forms hard, fused sticks, or a dry, powdery 
mass. It rapidly absorbs moistune from the air, being transformed 
into a very caustic, viscous liquid. A large amount of heat is developed 
wheh it is covered with water, and it dissolves even in about 0*3 parts, 
forming a syrup. In the colour industry solid zinc chloride is used as 
a dehydrating agent ; for example, in the preparation of tetramethyl- 
diaminobenzophenone and crystal violet. . Frequently it contains more 
or less zinc oxychloride, which is produced by the partial decomposition 
of the zinc chloride during the evaporation of its .solution. The 
presence of the oxychloride is detected by the deposit of zinc oxide 
obtained when the zinc chloride is dissolved in water. The product 
should be tested for this impurity, the presence of which is, for many 
purposes, troublesome. In general, the zinc chloride may be regarded 
as satisfactory when one part gives a clear solution in ten parts of 
water. For its estimation 10 g. of the product under examination are 
dissolved in 100 c.c. of water and N/i acid is run in, with stirring, until 
the turbid liquid becomes clear. To detect the end-point more 
sharply, methyl orange can be used as indicator. One c.c. of Nji acid 
represents 0-10885 g. of zinc oxychloride, or 0-0407 g. of zinc oxide. 

A persistent turbidity or perhaps a heavy precipitate, which 
dissolves on warming, indicates the presence of lead. 

In addition to this, its reaction is examined, the amount of water 
is determined by ignition in a porcelain crucible, and qualitative 
tests are made for sulphuric acid, nitric acid, iron, and lead. 
Hydrogen sulphide is passed into an ammoniacal solution until the 
metals are completely precipitated, and the filtrate is evaporated. Any 
residue left after ignition is examined for sodium chloride, calcium 
chloride, magnesium chloride, and similar impurities. 

Zinc chloride is frequently fised in solution, and is employed in 
this condition chiefly for the isolation of certain dyes; for example, 
methylene blue, in the form of the zinc double salts. 

The solution of zinc chloride necessary for this purpose is usually 
prepared directly by dissolving scrap zinc in hydrochloric acid. 

A table of the specific gravity of solutions of zinc chloride is given 
on p. 367. 


^ Z, amL Cherniy 1890, 29, 253,. 
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i8. Ferric Chloride* 

Only hydrated ferric chloride, FegCl^dKgO, is employed technically. 
It consists of yellowish brown crusts, which deliquesce in moist air 
and should give a moderately clear solution in water. The solution 
has a yellowish brown colour, an acM reaction, and an astringent 
taste. 

The presence of ferrous chloride as an impurity is detected by the 
blue colour developed by treating a solution of the product with 
potassium ferricyanide. The presence of nitric acid is detected by the 
usual methods. 

Ferric chloride is employed in the colour industry as an oxidising 
agent ; for example, in the production of Helvetia blue, for the prepara- 
tion of a brand of malachite green (probably the iron double salt), 
and for the decomposition of the copper compound of methyl violet, 
etc. 

A qualitative examination of ferric chloride is usually sufficient, 
since it is a cheap material and no great demands as to its purity are 
required. The composition of its solutions is determined, with sufficient 
accuracy, by the specific gravity. Franz’s table (p. 362) suffices for the 
calculation. 

When an accurate estimation is required, the iron which is present 
as ferrous chloride is first determined by titration with potassium per- 
manganate; in a second experiment, the total iron is determined 
similarly, after reducing the ferric chloride with zinc and sulphuric acid. 
The difference represents the iron present as ferric chloride. 

19. Lead Peroxide,^ PbOg. 

The commercial product is a dark brown powder or a brown paste, 
and can be prepared, for example, by treating a solution of lead acetate 
with a solution of calcium hypochlorite. 

According to the conditions under which it is prepared, the product 
is a more or less compact mass, the efficiency of which, as an oxidising 
agent, varies very greatly with its physical condition. Experience 
alone must decide what quality is most suitable for any particular 
purpose. 

The examination for impurities is conducted as follows: — A few 
grams are boiled with ten to twelve times the quantity of water and 
a little dilute nitric acid, and the solution is filtered. A portion of the 
filtrate should not produce a turbidity with silver nitrate (absence 
of chlorides) ; another portion should not leave a residue after 
evaporation. If obtained, the residue is examined for calcium and 
lead. 


1 C/, also p. 533. 
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Sulphuric acid is detected by warming a sample with a concentrated 
solution of sodium hydrogen carbonate, filtering, and treating the 
filtrate with an excess of hydrochloric acid and barium chloride. 
Another sample is dissolved in concentrated sulphuric acid, and the 
mass, after cooling, is treated with water and a fresh quantity of the 
substance under examination. The formation of a red colour in the 
solution indicates the presence of manganese. • 

To estimate its value, 3 to 4 g. of the powder or about 10 g. of the 
paste are weighed, and decomposed by shaking for one hour in a litre 
flask with 100 c.c. of NI2 oxalic aoid, 150 c.c. of dilute sulphuric acid 
(i .*3), and distilled water (for rinsing). The contents of the flask are 
made up to a litre and filtered ; 250 c.c. of the filtrate are treated with 
50 c.c. of dilute sulphuric acid and a little distilled water, and the excess 
of oxalic acid present is_ titrated with N/s potassium permanganate. 
Lead peroxide is employed for the oxidation of leuco bases (tetra- 
methyldiaminotriphenylmethane), etc. 

20. Stannous Chloride (Tin Salt). 

Hydrated stannous chloride, SnClg, 2H2O, which is alone employed 
technically, forms transparent crystals which are very easily soluble in 
water and deliquesce in moist air. Stannous chloride oxidises moder- 
ately rapidly in the air, yielding partly stannic chloride, partly an 
oxychloride. On solution in water, the latter leaves a considerable 
residue of tin oxide. Pure stannous chloride gives a clear solution in 
air-free water, but such a degree of purity cannot be expected of the 
technical product. 

A common adulterant of tin salt is magnesium sulphate, which 
differs only slightly from it in appearance. It must be tested, therefore, 
with barium chloride, for any noticeable amount of sulphate. When a 
small quantity of its solution is precipitated by hydrogen sulphide and 
the filtrate is evaporated, only an inconsiderable residue should be 
obtained. 

The actual amount of stannous chloride is best ascertained by 
titrating, with N/10 iodine, a solution which contains tartaric acid and is 
made strongly alkaline with sodium hydrogen carbonate. 

Its quality is best ascertairffed by an estimation of the tin, the 
clearness of the aqueous solution being also taken into consideration. 

A. Frankel ^ treats its solution in hydrochloric acid with an excess 
of potassium bichromate, then adds potassium iodide, and titrates the 
liberated iodine with sodium thiosulphate. 

A table of the specific gravity of stannous chloride solutions is given 
on p. 372. 

^ MiU, techit^-Gew, Museums^ 1892, 223, 
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21. Stannic Chloride. 

Hydrated stannic chloride, SnCl4, sHgO, forms a deliquescent mass 
and is very easily soluble in water. In dyeing, it is chiefly used as 
an extremely important mordant and^^weightjng material. It should 
be free from sta^inous chloride, and therefore should not produce a 
turbidity in a solution of mercuric chloride. 

An estimation of the tin is the best means of ascertaining the 
quality. Since, however, it is generally employed in solution, the 
determination of the specific gravity, from which the composition can 
be ascertained by means of tables {cf, p. 373), is usually regarded as 
satisfactory for this purpose. 

O. GeiseP proposes a new, technical method for the estimation of 
tin, especially that in pink ” baths. 

In such dilute solutions of stannic chloride, the hydrochloric acid 
is estimated by titration with N\io alkali, whilst the tin is estimated 
gravimetrically as the dioxide, Sn02. The titration is often carried out 
by precipitating all the tin (an excess of precipitant must be avoided), 
filtering, and titrating the filtrate again, using phenolphthalein as 
indicator. For example, when analysis of “ pink ” baths for weighting 
silk are required, equal quantities of the liquid are diluted to the same 
extent If the proportions of tin and acid in the bath do not alter 
materially, and if the bath is always made up to the same sp. gr., 
the same number of c.c. of N\io alkali are nearly always required to 
precipitate the tin. It is then sufficient to test once when all the tin 
is precipitated. An excess of a few tenths of a c.c. do not appreciably 
affect the result, but larger quantities would cause a considerable 
error. 

A simpler and yet sufficiently accurate method is direct titration 
(without filtering), using methyl orange as indicator. 

The old method of estimating tin (precipitation of the boiling dilute 
solution by ammonium nitrate, filtration, washing, burning of the wet 
filter, ignition, and weighing) is rather tedious. Geisel recommends a 
method based on the following observation. In a solution of stannic 
chloride, containing 0*075 o*ioo g. of stannic oxide in 10 c.c., the 
whole of the tin is precipitated quantitatively in the cold by sodium 
hydroxide before the hydrochloric acid is completely neutralised. With 
various dyes stannic chloride forms lakes of a different colour, and mala- 
chite green is suitable as an indicator for this purpose. When a few 
drops of a I per cent, solution are added to a solution of stannic chloride 
of the above-mentioned concentration, a golden yellow colour with a 
green shade is developed. The solution is titrated with JV/io sodium 

1 ZeiU ^ 1902, 26, 553. 
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hydroxide. Since the change to the original bluish green colour of the 
malachite green solution is not very sharp, the operation is performed 
in a large beaker, which is placed on a white tile; the colour 
produced in its immediate neighbourhood by the introduction of a drop 
of the alkali is compared with the colour of the surrounding liquid, the 
mixture is then shaken, and the titration is continued until the last 
drop of alkali does not produce a colour bluer than that of the 
surrounding liquid. 

With a little care, very concordant results are obtained. If the 
amount of stannic oxide is calculated from the volume of sodium 
hydroxide used, according to the equation : — 

SnCl, + 4NaOH = Sn(OH)4 + 4NaCl. 

The results obtained are lower than the true values, determined gravi- 
metrically ; both, however, are in a constant ratio, which is expressed 
by the following equation : — 

7NaOH + 2SnCl4 = Sn(OH)4 + SnCl(OH)3 + 7NaCl. 

Calculated by means of this equation, the amounts of SnOo agree fairly 
well with those obtained by the gravimetric method. 

The volumetric method with malachite green as indicator is 
inaccurate in the presence of an excess of hydrochloric acid. 

22. Arsenic Acid. 

Arsenic acid is employed in the colour industry in the form of a 
viscous, aqueous solution,*which has a sp. gr. of 1*85 to 2-o, The pro- 
portion of arsenic oxide varies between 60 and 70 per cent. An acid 
containing about 63 per cent is most frequently used ; it has a sp. gr. 
of I *95 (approx.). Arsenic acid finds scarcely any application other than 
in the production of magenta. For this purpose its quality is of great 
importance. Above all, it must be free from nitric acid, which can be 
easily detected by the usual tests. Moreover, it ought not to contain, 
at the most, more than 0-5 to i per cent of arsenious acid. The latter 
is readily estimated by neutralising the acid with sodium hydrogen 
carbonate and titrating with Njio iodine; the acid should also remain 
fairly clear when made strongly alkaline with ammonium hydroxide. 
An appreciable precipitate indicates the presence of calcium, which 
frequently occurs in commercial arsenic acid as the hydrogen arsenate. 

It is generally sufficient always to use arsenic acid of the same 
specific gravity, the approximate purity of which has been ascertained by 
qualitative examination. Up to the present, a serviceable table has 
not been compiled for calculating the content of arsenic acid from the 
specific gravity. H. Schiff s table relates only to specific gravity from 
I to 1 * 7 , and is useless, therefore, for the present purpose. 
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The following table, compiled by R. Nietzki, should be ot use, even 
though it does not pretend to great accuracy in all particulars : — 


Spec. Gray, 
at 16“ 

Percentage 
of AS 2 O 0 

Spec. Gray, 
at 16“ 

Percentage 
of AS 2 O 5 

1*761 

56*5 

« 

2*003 ' 

66*5 

1-?S1 

57-4 

2-071 

67*7 

1*803 

58*3 

2112 

68*9 

1*826 

59-2 

2157 

70-2 

1*850 

60*1 

2*205 

71-7 

1*875 

611 

2*257 

72-9 

1*903 

621 

2*314 

74-3 

1*932 

63*5 

2*364 

75-5 

1*964 

64*2 

2*446 

77-4 

1*997 

65*3 




Since it frequently happens that the specific gravity of arsenic acid 
is increased by the addition of sodium arsenate, it is particularly 
important to prove its almost complete volatility. A convenient 
method is to ^reat the acid with a little pure sugar and ignite to a 
full red heat. Pure arsenic acid ought to leave only an inconsiderable 
residue. 

23. Fuming Sulphuric Acid. 

A detailed account of the properties and methods of analysis is 
given in Vol. L, pp. 387 et seg. 

24. Phosphoryl Chloride, POClg. 

Phosphoryl chloride is prepared by distilling one part of anhydrous 
oxalic acid with two parts of phosphorus pentachloride, or by treating 
phosphorus trichloride with potassium chlorate. 

It is a colourless, refractive liquid, which boils at 110° and has a 
sp. gr. of 1*7. 

Its purity is ascertained by a determination of the specific gravity 
and by fractional distillation. 

Phosphoryl chloride is employed in the preparation of Victoria blue, 
night blue, and other dyes, 

25. Ammonium^ Hydroxide. 

Solutions of ammonium hydroxide of very different concentration 
and purity are employed in the colour industry. The crude liquid, 
obtained as a by-product in the manufacture of coal gas, is largely 
contaminated with empyreumatic substances, which are detected, after 
neutralisation with acid, by their odour. For most purposes ammonium 
hydroxide must be rejected if it contains sulphur. The presence of 
sulphur is easily shown by a solution of a lead salt. In most cases the 
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specific gravity sufifices for the estimation of ammonium hydroxide. 
When greater accuracy is demanded, recourse must be made to 
titration. The analysis of ammonium hydroxide and of ammonium 
salts is described in detail on pp. 740 et seq, 

26. Sodium Nitrite, NaNO.v 

The actual NaN02 is alone of importance in judging the quality of 
sodium nitrite ; the sodium nitrate, which is always present, is valueless 
for the purposes of the colour works.^ For this reason, methods which 
are based on the determination of the total nitrogen (by the nitrometer 
or in. other ways) are inapplicable for its estimation. The only 
practical methods are the potassium permanganate and the sulphanilic 
acid processes. 

Lunge ^ has compared the various modifications of these processes, 
and arrives at the following conclusions : — Feldhaus’ original method, 
in which potassium permanganate is run into an acidified solution of 
sodium nitrite until a persistent red colour is produced, leads inevitably 
to a loss owing to the decomposition of nitrous acid into nitric oxide 
and nitric acid, whereby a portion of the nitric oxide escapes, as is 
proved by its o.dour. Consequently the results are very variable and 
considerably too low. On the other hand, accurate results are obtained 
when the method described by Lunge 2 in 1877 is used, in which the 
solution of nitrous acid, in this case an aqueous solution of sodium 
nitrite, is run into a known volume of potassium permanganate which 
has been strongly acidifiM with dilute sulphuric acid and warmed to 
40° — 50"" ; the nitrite is introduced slowly and the mixture must 
be well shaken. The end of the reaction is reached as soon as 
the pink colour has just disappeared. For example, 20 c.c. of Njz 
potassium permanganate (or 100 c.c. of Njio) are acidified with sulphuric 
acid, warmed as above, and treated with a solution of i g. of sodium 
nitrite in 160 c.c. of water from a burette until decolorisation is just 

effected : i c.c. of Nj2 potassium permanganate represents — 

— that is, 0-01725 g. of actual sodium nitrite ; therefore 20 c.c. correspond 
with 0-3450 g. of sodium nitrite, or 34*50 c.c. of a i per cent solution 
of chemically pure sodium nitrite.. If n c.c. of the nitrite solution are 

actually used, the percentage of NaNO^ in the nitrite is The 

method is accurate to 0*1 per cent. Kinnicutt’s method^ is equally 
accurate. Njio potassium permanganate is run slowly into a neutral 
solution of sodium nitrite until a persistent red colouh is produced, a 

^ if. angew, Chem,^ 1891, 4> ^^9* ^ P- 343* 

2 Proc, Amen Acad.^ 1883, 275 ; Chem. News^ 1883, 48, 274. 
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few drops of sulphuric acid are then added, followed by an* excess of 
the potassium permanganate, the mixture is strongly acidified and 
heated to boiling, and the excess of the potassium permanganate is 
titrated with A710 oxalic acid. The method is more elaborate, but 
not more accurate, than Lunge's. 

A method employed very commonly in colc^r works is diazotisation 
on the small seal®; a solution of sodium nitrite is run into aniline cooled 
with ice, until potassium iodide-starch paper is turned blue. 

The use of sodium sulphanilate is recommended by various 
chemists.^ ^ 

In this process 14-4375 g. of sodium sulphanilate are dissolved in 
250 c.c. ; I C.C. of this solution represents 0*01727 g. of nitrite. 

Fifty C.C. of the sulphanilate solution are diluted to 250 c.c. 
and treated with 10 c.c. of hydrochloric acid. A solution of the 
nitrite (about 23 g. in a litre of water) is run in until potassium 
iodide-starch paper is turned blue. The end-point is reached when the 
colour is produced instantly and persists for a few minutes. 

The results*obtained by this method agree satisfactorily with those 
of the permanganate process, provided that absolutely pure sodium 
sulphanilate, dried over sulphuric acid, and freshly prepared starch 
solution^ are employed.^ A suitably pure salt is obtained by re- 
peatedly crystallising sodium sulphanilate, drying it well between 
filter-paper, and allowing it to remain for two days in a desiccator 
over concentrated sulphuric acid. 

/-Toluidine can be used instead of sodium sulphanilate, if the 
experiment is performed in strongly acid solution.^ 

Technical sodium nitrite contains usually 97 to 98 per cent, of actual 
sodium nitrite. 

27. Potassium Bichromate, K^CrgO^r. 

Potassium bichromate is an extremely important oxidising agent 
and is employed in the manufacture of alizarin for the conversion of 
anthracene into anthraquinone. The methods of analysis, etc., are 
given on p. 323. 

28. Sodium Bichromate, NaCrgO^ or NagCrgO^, 2H2O. 

Potassium bichromate is being displaced more and more by the 
cheaper and much more easily soluble sodium bichromate. This 
forms small, readily soluble, reddish yellow crystals, which soon become 
moist in the air icf. this VoL, p. 365)- An estimation of the chromic 
acid by the mqfhods described (Joe. ctt()^ should always be performed, 
^ Schultz, Vaubel, Z. Farb, Ind.^ 1902, i, 37, 149, 339. 

^ Lunge, Chem. ZeiU^ 19 ^ 4 ) 28, 501, ® Cf. also Wegner, Z. anal Chem.^ 1903, 42, 1 59. 

Vaubelj Dtephys, u. chem, Methoden d<, quant, Bestimmung Org, Verb,y 1902, II., 251. 
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since the purity of this salt can be less readily guaranteed than that of 
potassium bichromate. 


29. Sodium Sulphide. 

The commercial product, Na^S, pHoO, has a yellow or dark brown 
colour. The usual impunities are free alkali and sodium thiosulphate. 

M. Battegay's volumetric process^ depends on tMe fact that zinc 
thiosulphate is soluble in water, and consequently can be converted into 
zinc sulphide by sodium sulphide. 

A solution of the sodium sulphide^under examination is treated with 
acetic acid until the indicator, phenolphthalein, changes from red to 
colourJess, so that the zinc salt can no longer be attacked by the 
alkali. A standard solution of zinc sulphate, ZnSO^, 7H2O, is then run 
in until all the sodium sulphide has been converted into insoluble 
zinc sulphide. 

To detect this point, a coloured indicator is required which will 
show the presence of the soluble sulphide and yet not be affected by 
zinc sulphide in the cold. Cadmium sulphate satisfies these conditions. 
Thick, white blotting-paper (not ordinary filter-paper) is “spotted” 
with a concentrated solution of cadmium sulphate, and drops of the 
titrated liquid are placed on the marks. Yellow cadmium sulphide is 
formed so long as alkali sulphide is present. The end-point can be 
recognised very sharply after a little practice (cf, Vol. I., p. 425). 

Another volumetric method is due to Podreschetnikoff.^ 9*052 
g. of the sample are dissolved in 500 c.c. of air-free distilled 
water; 10 c.c. of this s*olution are diluted with 150 c.c. of water 
and titrated with Njio sulphuric acid, using phenolphthalein as indicator 
(requiring, say, 12-8 c.c.). An excess (about 10 c.c.) of neutral formal- 
dehyde solution is now added, and Njio acid run in until the solution 
again becomes colourless, the amount of acid required being, say, 
12*5 c.c. The calculation (using the above amounts of acid as example) 
is then as follows : — 


In 100 c.c. the free NaOH = 12.8 - 1 2.5 c.c. = 0.3 c.c. 

Njio solution = 0.0012 g. = 0.66 per cent. 

NaOH from Na2S= 12.5 c.c. Njio solution = 0.05 g.' 

NaOH „ NaSH= 12.5 c.c. Njio solution = 0.05 g. 

Sodium sulphide is employed in large quantities in the preparation 
of sulphur dyes, and in their application in dyeing. 




85 per cent. NagS. 


30. Water-Glass. 

Water-glass is prepared by fusing sand with sodiilm carbonate or 
potassium carbonate, or a mixture of the two, with an alkali sulphate 
1 X. Farb , hid ,^ 1903, 2, 349. ' Ihid .^ 1907, 6, 388. 
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or alkali chloride in the presence of wood-charcoal, or by*dissolving 
flint, which has been ignited and disintegrated by water, or kieselguhr 
in alkali hydroxide under pressure. The solid commercial product is 
a whitish, glassy mass ; through the presence of iron it is frequently 
coloured greenish (ferrous oxide) or greyish yellow (ferric oxide). 

It is frequently brought on the market a^ a double silicate in the 
form of an aqueo^is solution (sp. gr. 1*26 to 1*30) containing more than 
70 per cent, of silica. The solutions must be .excluded from air to 
prevent the separation of gelatinous silicic acid. 

Its applications are various : it is added to soap and to varnishes ; 
it is used for rendering materials fireproof, for the preparation of arti- 
ficial stone and cement ; it is employed in stereochrome work, in finishing 
and dyeing, and especially in conjunction with stannic chloride and 
sodium phosphate for weighting silk, in bleaching with hydrogen 
peroxide, etc. 

Good water-glass should dissolve completely in warm water, or 
leave only a very slight residue. In its examination attention must be 
paid to the amounts of silicic acid, combined alkali, and neutral salts 
(such as sodium chloride) ; alkali sulphide and compounds of lead and 
iron may also be present. The composition of solutions of water-glass 
can be estimated by a determination of the specific gravity. 

The silicic acid is estimated by the usual methods, or volumetrically 
by conversion into potassium silicofluoride,^ or by direct titration with 
Nji acid, using methyl orange as indicator. 

P. Heermann ^ recommends the following method for the estimation 
of the free alkali and of the chief constituents f - — 

Estimation of the Free Alkali , — The only method depends on the 
precipitation of the unchanged water-glass with alcohol and sodium 
chloride, and titration of the filtrate. . 

Sodium chloride alone does not precipitate the water-glass com- 
pletely; alcohol alone causes a quantitative precipitation, but the 
resulting pasty mass is almost unfilterable. By using both reagents, 

. good results are obtained. 

Ten grams of water-glass are treated with 100 c.c. of a neutral 
saturated solution of sodium chloride, and the pasty mass is then 
dfluted to 200 c.c. with neutralised .alcohol; 100 c.c. of the filtrate are 
titrated with N\io acid, using phenolphthalein as indicator. 

An alternative process is to treat 10 g. of water-glass and 100 c.c. 
of water with 20 c.a of saturated sodium chloride, dilute with neutralised 
alcohol to 250 c.c., and titrate the filtrate as above. 

(According to this example, the amount of sodium chloride may 
vary, apparently^ between considerably wide limits.) 

^ Stolba, Z^anal, Chem,^ 1865, 4, 163. 

^ Chem, Zeit^ 1904, 28, 879, 883. 
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In another process, barium silicate is precipitated by a large excess 
of barium chloride in the cold 

Ten grams of water-glass are diluted with about loo c.c. of cold 
distilled water. To this solution a cold solution of at least lO g. of 
barium chloride in about lOO c.c. of water (for example, lOO c.c. of iV/i 
barium chloride) is added in a fine stream with continuous shaking. 
The mixture is diluted to 250 c.c., thoroughly shaken, and passed at 
once through a dry filter. Rejecting the first 20 to 30 c.c, 100 c.c. of 
the filtrate are titrated with Nj 10 hydrochloric or sulphuric acid, 
using phenolphthalein as indicator^ The number of cc. of iV/io 
acid used, multiplied by 0*0775, gives the percentage of free 
alkali as Na.^O, or multiplied by o*i, the percentage of free alkali as 
sodium hydroxide, NaOH. Only the alkali present as the hydroxide 
is thus estimated, since any sodium carbonate in the silicate is pre- 
cipitated as barium carbonate. In estimating the chief constituents, 
about 15 to 20 g. of water-glass are dissolved in distilled water and 
diluted to 500 c.c. The solution should be absolutely clear, and 
should not give a deposit after keeping for several days. 

Free a 7 id Combined Alkali. — One hundred cc. of the preceding 
solution are titrated with Nil or NI2 hydrochloric or sulphuric 
acid, using methyl orange as indicator; i cc. of Nji acid represents 
0*031 g. of Na.20 or 0*04 g. of NaOH. 

Silicic Acid. — Another *ioo c.c. of the solution are treated with 
concentrated hydrochloric acid in a platinum basin, evaporated to 
dryness on the water-bath, repeatedly moistened with hydrochloric 
acid and evaporated, the residue dried in an air-oven at 120° for one and 
a half to two hours, extracted with warm dilute hydrochloric acid, 
filtered, washed thoroughly, dried, ignited strongly, and weighed as silica. 

As a test of its purity, the silica can be converted into volatile 
hydrofluosilicic acid by treatment with hydrofluoric and sulphuric 
acids. Any residue left after a repetition of the treatment is not silica, 
and its weight must be subtracted from that found. 

Sodimu .Chloride^ Neutral Salts. — The filtrate from the silicic acid 
is treated with ammonium hydroxide, ammonium- carbonate, and 
ammonium oxalate, warmed for a short time on the water-bath, kept 
for twenty-four hours, and filtered. The filtrate is evaporated, and 
the residue, after the removal of the ammonium salts by gentle ignition, 
is heated until its weight is constant ; it consists of sodium chloride, etc. 
The amount, calculated as NagO, is added to that' of the free and 
combined alkali, thus giving the total amount of alkali. 

The Combined Alkali is determined by subtracting the amount of 
free alkali from that of the free and combined alkali. 

In criticising this process, Jordis^ states that it contains many 
1 Chem. Zeit.^ 1905, 29, 33* 
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points which require explanation, and that concordant results can only 
be expected when all the conditions are strictly defined and are 
observed by all investigators. The analysis can only determine the 
proportions and the quantities of the chief constituents and the impurities 
in the solution, but furnishes no evidence for the statement that so 
much “free alkali” and so much “ water-glas« ” is present The term 
“ water-glass ” in* itself designates, not a single chemical substance, but 
a very variable mixture of silicates. Moreover, one and the same 
water-glass contains, according to its temperature and state of dilution, 
different quantities of “ free alkali,” because the degree of hydrolysis, 
which determines the amount of free alkali, is dependent on these two 
factors. The “ precipitation of the water-glass ” is due to the fact that 
the silicate is to some extent “ salted out ” by the alcohol and sodium 
chloride, leaving a portion in the solution. This soluble portion, 
however, does not consist of alkali alone, but contains a small quantity 
of silicic acid ; it is this portion, not the free alkali, which is estimated 
by the titratio^i. Even though all the silicic acid were precipitated 
and actually only the free alkali remained in the solution, it would still 
not be permissible to assert that the latter is estimated by the titration, 
for its amount would be much less than the amount of “free alkali” in 
the original solution of water-glass, because by the addition of the 
sodium chloride and the alcohol, the extent of the hydrolysis, and 
therewith the concentrations of the sodium and the hydroxyl ions, would 
be largely diminished. Moreover, in addition to this, every solution of 
water-glass contains sodium carbonate, which would not be precipitated. 

The precipitation as barium silicate by means of barium chloride 
is in no way quantitative, for the precipitated silicate always carries 
down a comparatively large quantity of alkali.^ 

Phenolphthalein is quite unsuitable as an indicator in the titration 
of water-glass, because solutions of all commercial water-glass contain 
carbonate, the amount of which increases with the age of the solution. 
The carbonate is not indicated by phenolphthalein. There is, how- 
ever, no objection to the use of methyl orange. 

PART II 
Dyes 

General Remarks. 

In the laboratory the method of examination of finished dyes may 
be of two kinds : — 

I. A dye, the nature and derivation of which is unknown, requires! 
a determination of its chemical composition and constitution, and its I 
method of preparation should also be ascertained. I 

^ Jordis and Kanter, Z. anorg, Ckem.j 1903, 35, 82, 148, 336 j 1904, 42, 418, j 
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2. A known product should be examined as to its dyeing value, 
its shade, dyeing power, purity, and genuineness* 

In the former case, an attempt should also be made to ascertain the 
behaviour of the dye on the fibre or its dyeing properties, because by 
these means important evidence for the recognition of the substance 
may be gained ; not \intil then is the way operi for the detailed 
examination (see below). 

Quantitative dye trials against a known standard, the so-called 
“type,’' are employed, almost without exception, as a control of the 
products of the colour-works and for the valuation of the com- 
mercial product. All other proposals suggested for this purpose — for 
example, titration with sodium thiosulphate or calcium hypochlorite, 
the application of colorimetric methods, etc. — are worthless in practice. 
The same is true of G. Ullmann’s process ^ for testing basic dyes. 

Only in rare cases are dyes brought on the market as pure chemical 
compounds. Usually they contain larger or smaller quantities of an 
indifferent diluent — for example, sodium chloride, scdium sulphate, 
dextrin, sugar, etc. The first may have been introduced during the 
process of manufacture ; in larger or smaller amount it is met with in 
all products the precipitation of which has been effected by sodium 
chloride. Very often, however, it is purposely added to the product, 
and so also are the other above-mentioned substances. Such additions 
are by no means to be condemned as adulteration; it will be shown 
later that they are necessary for various reasons. In the process of 
manufacture, the strength and the purity of the isolated product are 
not always the same ; sometimes it has a greater, at others a weaker, 
dyeing value. The consumer, however, requires an article of uniform 
quality throughont He will certainly know how much of the dye he 
requires to produce a definite shade on a definite quantity of wool, silk, 
etc. The manufacturer, therefore, cannot do otherwise than take as 
the type the product of weakest dyeing value obtained in the manu- 
facture, and dilute stronger products to the standard strength by the 
addition of an indifferent material. Dyes frequently undergo still 
further dilution when they reach the retailer, especially in the East 
Often only a few units per cent of the dye are present in products 
which, on account of their application for some specific purpose, must 
be cheap and must not contain mcfre than a certain amount of colouring 
matter. 

In many instances, especially in the case of costly products of great 
dyeing value, the consumer demands a cheaper article, even though of 
smaller dyeing value, in order to reduce the expense of the waste which 
is unavoidably incurred by the workman in weighing, etc. 

^ Chem^ Zeit.^ iS99j 23, 1014 ; cf. also A. Heinemann, “ Criticisms of G. Ullmatm’s Process,” 
Chem, 1900, 24, 58. 
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It is obviously necessary, in such circumstances, that both buyer 
and seller should be able to ascertain the percentage of dye in the 
product. 

Before accurately quantitative dye-trials can be discussed in detail, 
it is necessary to know the conditions vnder which different dyes are 
fixed on the fibre. In general, coal tar dyes« possess a tendency to 
unite directly with fibres of animal origin, such as wool and silk. 
Many dyes lack this property in the case of fibres of vegetable origin, 
- such as cotton and flax. These must be fixed by means of suitable 
chemicals such as tannic acid, alumina, tin oxide, etc., which form with 
the dyes insoluble compounds, the so-called lakes. A few fibres of 
plant origin — for example, jute — have the property of fixing most* dyes 
without the aid of such mordants. On the other hand, many dyes are 
known which dye unmordanted cotton. The circumstances in which 
dyes can be fixed on animal fibres are extremely varied. Thus most 
dyes consisting of salts of organic bases are only effective in neutral 
or faintly acetfc acid baths. The addition of a mineral acid or of an 
acid salt prevents almost completely the deposition on the fibre. 
Magenta, a large number of its derivatives, and other dyes belong 
to this class of so-called ‘‘basic dyes.’’ Conversely, the presence 
of a mineral acid or of an acid salt is necessary in the case of dyes 
which have an acid character. This class comprises the “acid 
dyes,” and to it belong most of the sulphonic acid and phthalein dyes. A 
few sulphonic acids — for example, diphenylrosanilinesulphonic acid — 
possess the property of combining, in the form of their salts, with 
the fibre in faintly alkaline solution. The fibre is thus much more 
uniformly permeated. Finally, the dye is developed completely in 
an acid bath. Such dyes are termed “alkali dyes.” 

A fourth class includes those dyes which are never fixed alone on 
the fibre, but always in the form of their most characteristic metallic 
lakes. Alizarin and its analogues, gallocyanine, coerulein, galloflavin, 
and many other dyes belong to this class. 

In estimating the value of a dye by dye-trials, the first step is to 
ascertain to which of the four preceding classes the dye belongs ; then 
a dye of known strength and of as nearly as possible the same shade 
is selected as the type. 

The following criteria are of service in this qualitative test, which 
is useful chiefly for purposes of classification : — 

Substantive Cotton Dyes . — A strip of calico or a small skein of cotton 
’ is boiled for about ten to fifteen minutes in a solution of the dye 
containing a little soap or sodium carbonate or sodium phosphate, and 
is then rinsed. The cotton is distinctly dyed and the bath is more or 
less exhausted. If the solution is still strongly coloured, a second, and 
possibly a third, strip is treated in a similar manner. 
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Basic iDyes . — Intensely coloured precipitates are produced when a 
solution of a basic dye is treated with a solution of tannin and sodium 
acetate ; in neutral baths, animal fibres are dyed in full shades, cotton 
only feebly. 

Wool, silk, or tannin-mordanted cotton are circulated in the warm 
solution for about fifteen minutes ; dyeing is effected if a basic dye is 
present • 

Acid Dyes . — As a rule, cotton is not dyed, or only very slightly ; 
and also wool, in a neutral bath, is not affected, but as soon as a 
little sulphuric acid is added to the warm solution, the wool is rapidly 
dyed and the bath is very quickly exhausted. These dyes are of no 
importance for cotton, but are very extensively employed in dyeing 
animal fibres. 

Mordant Dyes . — If cotton and wool, in a neutral, acid, or alkaline 
bath, are not dyed, or only in poor shades, the dye is probably a 
mordant dye. If this is the case, mordanted wool or cotton is placed 
in the warm bath, manipulated for fifteen to thirty minutes, washed, 
and eventually dipped in a brightening (soap) bath. 

In these trials it is advantageous to use strips of calico which have 
been impregnated with streaks of different mordants. By this means 
several lakes are obtained, side by side, in a single, rapidly completed 
dye-trial, and from their nature it is often possible immediately to 
deduce far-reaching conclusions as to the nature and composition of 
the dye. 

^ Dye-trials. 

To achieve success in a dye-trial necessitates experience in the 
particular branch of dyeing which deals with the dye in question; a| 
trustworthy judgment of the result as regards colour, strength, shade,? 
purity, etc., is possible only by the trained eye. 

The following apparatus is required for really quantitative dye- 
trials : — 

r. A few graduated pipettes, measuring cylinders, and measuring 
flasks. 

2, Suitable dyeing- vessels : Glass beakers (for example, conical hard- 

glass beakers of about 400 c.c. capacity ^), porcelain beakers or 
basins ; beakers or basins of tinned copper of 300 to 1000 c.c. 
capacity, which can be heated directly over the gas or in water, 
oil, steam, calcium chloride, or glycerol baths. 

3. A suitable number of glass rods of "1 j*" or \J shape for 

suspending and withdrawing the skeins. 

To secure uniform heating, it is convenient to place several dyeing 
vessels in a rectangular or circular tin or copper bath, thus forming a 
^ R. Lepetit, Farber-Zeit.^ 1893-94, 5, 183. 
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dyeing battery. Contrivances of this kind have been described or 
constructed by Marshall/ Whiteley/ and Kapff.^ 

A simple and practical arrangement is shown in Fig. 140. 

It consists of a rectangular copper case standing on four iron feet 
and designed for the simultaneous reception of six porcelain beakers 



(Fig. 141). The latter do not rest directly on the bottom of the bath, 
but on a perforated copper plate situated several cm. above this. 
The case contains water, glycerol, etc., and is heated by gas or 
by steam ; in the latter case a closed steam-coil is fitted between the 
perforated plate and the bottom of the bath. 

When numerous simultaneous dye - trials are constantly being 
made, larger baths with eight to twelve apertures may be used ; by 
arranging many such copper vessels in a suitable frame, all of the trials 
can be easily watched, and it is possible to work rapidly. Such an 
arrangement is shown in Figs. 142 and 143. 

For experiments in which small variations of the temperature 
can affect the final result, it is well to select a bath of circular cross- 
section, and to fit between the bottom and the perforated plate a per- 
forated disc, by the rotation of which uniform heating is attained. 

The following general rules must be observed in performing 
comparative dye-trials. 

1. The fibre used in the trial must be the same material to which 
the dye will be applied on the large scale. (Exceptions are permissible 
in many cases ; basic dyes can often be tested on silk or wool in order 
to avoid the necessity of mordanting cotton with tannin.) 

2. The dyeing, or the mordanting and all other operations must be“ 
performed under as nearly as possible the same conditions as 
those which prevail on the large scale. It is not, however, always 

Soc, Chem. Ind., 1S93, 12, 909, 996, 2 g2i, 

® Fdrber’^ZeiU^ 1898, 9, 357. 
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possible to reproduce the same conditions ; itj a laboratory experi- 
ment the warming is often more rapidly accomplished, the fibre 
comes more frequently into contact with the walls *of the vessel, 
the conditipns with regard to the access of air are different, etc- 
Moreover, it must be remembered that in dyeing on the large scale 
baths are in use often for lolig periods, adequate quantities of fresh 
dye-solution being adSed from time to time befor^ the introduction 
of fresh batches of goods. This custom may. lead to results different 
from those of the dye-trial, especially if a mixture of dyes, the 
individual constituents of which produce uneven dyeing, is being used, 

3. As a rule, the dye under exafhination ipust be compared with a 
standard of known strength, the so-called type, the trials with the 
standard and the dye under examination being always performed side 
by side. 

, 4. In order to exhaust the bath as much as possible, the quantity of 
dye employed must not be too great in comparison with the amount of 
fabric to be dyed ; furthermore, lighter colours are obtained which are 
more easily judged. • 

• The materials on which the colours are produced are the 
following : — 

Cotton, generally in the form of skeins, also frequently as woven 
strips, rarely as loose threads. When mordant dyes are being tested, 
it is advantageous to use the above-mentioned calico strips printed 
with different mordants (so-called alizarin strips). 

Wool, most suitably in the form of so-called zephyr yarn, also 
frequently as flannel strips. 

Silk, in the form of skeins. 

The necessity also occasionally arises of dyeing on mixed materials ; 
for example, half-silk, or on other materials, such as jute, china-grass, etc. 

For every series of trials, equal weights, for example about 5 g., of 
the selected material — that is, equally heavy skeins or strips — are taken. 
The strips are labelled by cutting little holes at the ends, the skeins by 
twine with different numbers of knots. From o*i to i g. of the dye 
under examination is also weighed out, dissolved in hot water, and 
the solution diluted to 100 c.c. Sometimes, but not often, alcohol 
must be used as the solvent. Similar solutions of the type and of any 
other samples are prepared. 

The experiment can be continued in slightly different ways, 
according to the purpose in view. 

If the sole object is the selection of the best from several products 
offered for purchase, equal weights of the fabric are dyed with amounts 
of the different samples inversely proportional to the price; for 
example: — 

I g. of a sample at gd. ( 0.9 g. of a sample at lod. 
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The trial which yields the best result naturally decides which is the 
cheapest article, whatever the price may be. 

In another method, equal volumes — for example, lo c.c. of the 
solutions of the sample under examination on the one hand and of 
the type on the other — are placed in^ dyeing-baths, containing the 
material which has previously been uniformly^ soaked. Even before 
the dyeing is finished, considerable differences of strength can be 
detected with a little care. If such exist, measured quantities of its 
dye-solution are added to the weaker bath until both colours have 
exactly the same strength at the end of the trial. In making the 
comparison, both skeins must be withdrawn simultaneously from the 
baths, otherwise their different degrees of moistness render it .very 
difficult to form a correct judgment The skeins are afterwards washed 
in water, dried, and once more carefully compared, since very slight 
differences are frequently only discernible when the skeins are dry. 

Accurate results will usually be obtained most rapidly by the 
following method, especially when many samples, probably of different 
intensity, have *“to be examined simultaneously : — Several shades, of 
varying but exactly known strengths, are produced by means of the 
type. For example, three weighed skeins are dyed with sufficient type 
solution to produce a i per cent, i-S per cent, and 2 per cent, shade. 
As a rule, it is not difficult to make solutions of the samples of 
such strengths that accurately measured volumes, in their respective 
baths, produce shades of the same intensity as one or other of the three 
type shades. Even if a match is not secured, the experiment has, at 
aH events, given approximate values, which -must not, however, be 
regarded as final. According to their intensity, the sample shades lie 
between the i per cent, and the 1-5 per cent, or between the 1*5 
and the 2 per cent type shades, or outside these limits — that is, they 
are weaker than the i per cent or stronger than the 2 per cent type 
shade. Utilising the knowledge thus obtained, a new experiment is 
undertaken. Suppose, for example, that the shade produced by one 
of the samples is stronger than the 1-5 per cent and weaker than the 
2 per cent type shade. Two skeins are again dyed with the type to 
the same intensities (1*5 per cent and 2 per cent); from the sample 
under examination one, or, better, two shades are produced, using in 
the latter instance, in the one case rather more, in the other rather 
less, of the dyeing solution than was employed in the first experiment. 
With a little practice, the proportions can be so selected that the results 
of the second experiment render an accurate judgment possible. If 
this is not the cas^, a third experiment must be performed, taking into 
account the information already obtained. 

A considerable amount of experience, and, above all, a very sensitive 
eye for colour, are requisite for the accurate comparison of two shades. 
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With the aid of these attributes differences of kitensity of i to 2 per 
cent, can be detected in the case of some dyes. Moreover*, with practice, 
the eye becomes so sensitive to differences of intensity, that not more 
than two experiments are required to secure the correct proportions in 
the preceding operations. Also, the experimental error depends very 
largely on the nature of the dye, thus it is greatest in the 
comparison of pure yellow dyes. Again, large erross are easily intro- 
duced when the dyes differ from one another in purity and shade. 

The purity and the more delicate differences of shade can be 
accurately judged only by comparison with dyeings of exactly the same 
strength, since the shades of many 3 yes vary with the intensity of the 
dyeing to such an extent that the omission of this precaution easily 
leads to large errors. Thus strong shades of yellow dyes appear 
redder than weaker shades, etc. 

In forming a judgment, the comparison of the dye patterns must 
always be effected under the same conditions of lighting. 

It is generally very difficult to value those dyes which do not 
'‘exhaust,” 2>., of which, in dyeing, a portion always remains in the bath. 
In such cases the following procedure is adopted : — After the comple- 
tion of the dyeing operation, strips of white filter paper or white calico 
are immersed in each bath, removed, allowed to drain, and dried, and 
the colours of the paper or calico are compared. The use of so-called 
“exhausts” is more trustworthy. For this purpose, after the dye-bath 
has been only partly exhausted, a second dyeing operation (and a third 
if necessary) is performed on the same weight of fresh fibre, under the 
same conditions as in the first experiment. These second (or third) 
weaker colours (exhausts) are compared with one another. 

Intermittent dyeing often gives valuable information as to the 
possible presence of more than one dye, of foreign substances, or of 
impurities. A piece of material, insufficient to exhaust it, is placed 
in the dye-bath, then a second piece, and so on, until the bath is 
completely exhausted. If the dye is pure, the various pieces have the 
same shades, even if they differ in intensity. (A judgment is only 
possible by the trained eye. See above.) 

It would be out of place to mention fully the many precautions 
which must be observed in dyeing different fabrics with the numerous 
members of the coal tar dyes, , The following details will provide 
sufficient general guidance for the satisfactory performance of most 
experiments : — 

Dyeing on Silk, — As a rule, “boiled off” silk is used in dye trials, 
and in an unmordanted condition, since most dyes directly colour this 
material. It is always soaked before being introduced into the dyeing 
bath. Usually a bath of water, to which acetic or sulphuric acid has 
been added, suffices. Sometimes “ bast soap ” (one-sixth to one-third 
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of the volume of water), the liquid obtained in the process of boiling 
silk to remove the gum, and consisting of a solution of sericin and 
Marseilles soap, is used. Its addition to the dye -bath prevents too 
rapid dyeing and produces a more uniform colour, whilst at the same 
time the silk is brightened and acquires greater lustre. A measured 
quantity of the bast soap is first poured into" the dyeing- vessel, and is 
warmed, then the necessary amount of acetic or sulphuric acid is added, 
after which the water and the dye solution are introduced in turn, 
and the liquid is thoroughly mixed. The silk skein is put in, repeatedly 
immersed, and withdrawn, the bath is heated to boiling and the skein 
introduced again, and the dyeing is completed by frequent immersion. 
Afterwards the silk is washed by repeated rinsing in a bath of v\fater, 
which is replaced once or twice, and is finally “ revived ” in fresh water, 
which is very slightly acidified with acetic or sulphuric acid. After 
being repeatedly immersed, it is wrung out and dried. 

Dyeing is effected in hot solutions in the case of most aniline dyes ; 
the temperature being gradually raised to the boiling point. Many dyes, 
for example the eosins, give stronger shades when they are used at 
temperatures not so high as this. Certain dyes (magenta, methyl 
violet, etc.) are also used in neutral baths. 

Only a few dyes are applied in the presence of fatty soaps. In 
such cases the bath is prepared by adding Marseilles soap to hot 
distilled water until a slight lather is produced. The silk is then dyed 
in the hot solution, washed thoroughly, and revived. 

When testing alizarin and other mordant dyes, the silk must 
previously be suitably mordanted. In mordS^nting with alumina, the 
silk is placed, for example, in a bath of neutralised alum free from iron, 
immersed repeatedly, and allowed to remain in the mordant for about 
twelve hours ; it is then wrung out, immersed for a short time in a cold 
solution of water-glass (sp. gr. 1-007), wrung out again, and, after being 
washed, is placed directly in the dye-bath, which contains one part of 
bast soap and five parts of water acidulated with acetic acid. The 
temperature is raised slowly to the boiling point and maintained there 
for one to one and a half hours ; the silk is then rinsed, soaped, and 
revived. 

In a quite analogous manner, silk is mordanted with chromium 
chloride, sp. gr. 1*162 (Badische Anilin und Soda fabrik), or with chrome 
mordant GA III., sp. gr, 1*162 (Farbwerke vorm. Meister, Lucius, und 
Bruning.) 

Dyeing on Wool. — Generally skeins of zephyr yarn or flannel strips, 
in a thoroughly clean state (free from fat), are used. The material 
is soaked in luke-warm water, removed, and replaced in the bath after 
the addition of the dye-solution. It is repeatedly immersed while 
the bath is heated to boiling, and maintained at this temperature for 
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fifteen to thirty minutes. In the case of nmny dyes, it is more 
advantageous to perform the operation at a rather lower temperature. 

Dyes which are effective in neutral baths can be employed alone or 
with 10 to 20 per cent, of sodium sulphate; acid dyes require an acid 
bath (5 per cent, of sulphurif acid and lo to 20 per cent, of sodium 
sulphate or lo to 15 j^er cent, of tartar substitute [sodium hydrogen 
sulphate]; the addition of alum or stannic chloride* is often advan- 
tageous). 

When mordant dyes are being used, the wool is boiled, as a rule, 
with 3 per cent, potassium bichromate and 2-5 per cent, potassium 
hydrogen tartrate, or i to 2 per cent, lactic acid, or with 4 per cent 
chromium fluoride and i per cent oxalic acid, for about one and a half 
hours, and, after being washed, is put in the tepid dye-bath. It is 
repeatedly immersed, whilst the temperature is slowly raised to the 
boiling point, and the liquid is boiled vigorously for about one and 
a half hours. 

Boiling is unnecessary in the case of many dyes J the mordant 
(alum, potassium bichromate, chromium fluoride, etc., together with any 
auxiliary substances) is placed directly in the dye -bath (one -bath 
process). 

Dyeing* on Cotton. — Cotton is usually employed in the form of 
skeins. They should be thoroughly boiled and washed. Bleached 
material is requisite for clear, bright colours. 

Substantive dyes (benzidine dyes) are dyed wifh the addition of 
20 to 50 per cent, of sodium chloride or sodium sulphate, 5 per cent, 
of potassium carbonate, ’5 per cent, of soft soap, 3 per cent, of curd soap, 
sodium carbonate, sodium phosphate, water-glass, or mixtures of these 
substances. 

The cotton is put into the dye-bath at 50° — 60'', and repeatedly 
immersed while the bath is being brought to the boiling point during 
the course of a half to one hour; it is then wrung out and dried. Fre- 
quently before drying it is washed, often it is soaped, and in many 
cases it is treated with solutions of copper sulphate or potassium 
bichromate. 

Sulphide dyes are employed in a hot, alkaline bath (sodium sulphide, 
sodium hydroxide, with sodium chloride, sodium carbonate, etc.). 

For use with basic dyes the cptton must be mordanted with tannin. 
For this purpose, the skeins are agitated for a short time in a 2 to 5 
per cent solution of tannin at 50° — 70°, and are allowed to remain in 
the mordant for about six hours (best overnight) ; then they are again 
agitated and afterwards manipulated for about fifteen minutes in a 
tepid bath of 2 to 3 per cent tartar emetic. 

The thoroughly washed material is dyed in a luk e-warm bath for 
thirty to forty-five minutes. 
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Mordanting with Alumina, — The cotton is agitated in a solution 
of basic aluminium sulphate, kept in the bath for about five hours, 
wrung out, and twenty minutes afterwards is passed through a tepid 
solution of sodium carbonate, water-glass, or sodium phosphate ; it is 
then thoroughly washed and dyed in ^the luke-warm dye*bath, the 
temperature of which is slowly raised to 90°-i-9S° during an interval 
of one to one and* a half hours. After thorough washing, the cotton is 
frequently revived, for example, in a soap bath. 

Mordanting with Chromium. — The skeins are placed in chromium 
chloride (sp. gr. 1-162) for four hours, wrung out, washed, and dyed. 
The operation is repeated for dark shades. 

In another method the skeins are kept for twelve hours in the 
mordant GA I, (Farbwerke vorm. Meister, Lucius, und Briining) and 
after being untwisted are placed for thirty minutes in a solution of 30 
g, of sodium carbonate in i litre of water at 60*^ ; they are then washed 
and dyed. 



True mordant dyes, such as alizaj'in, etc., are generally sparingly 
soluble, and only remain in suspension in the dye-bath. They must 
always be employed in quite neutral or faintly acid (acetic acid) baths, and 
the alkalinity of the water must, for this reason, always be previously 
neutralised by acetic acid. When mordant dyes are being used, the 
above-mentioned strips streaked with different mordants (alizarin slips) 
are very often employed. The actual dyeing is effected by prolonged 
boiling. 
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Print -Trials. 

These are always counterparts of the methods em'ployed in the 
large scale. Only the general principles can here be stated. 

In calico printing, dyes are used which form insoluble lakes with 
either tannin or metallic oxidfes. Such are basic dyes and the true 
mordant dyes (alizarin, t>xazines, etc.). 

The former are treated with dilute acetic acid and tannin or with 
tannin-tartaric acid — that is, a solution of 50 parts of tannin and 5 
parts of tartaric acid in 50 parts of water — and are mixed with a 
thickening material ; in the case of true mordant dyes, the tannin is 



replaced by the acetate of aluminium, chromium, or iron (or also 
aluminium thiocyanate). 

After being printed, the fabric is dried and steamed. Small vertical 
or horizontal copper or sheet iron boilers (Figs. 144 and 14S) are used as 
steaming apparatus when the sample cannot be treated along with the 
goods. 

The steaming removes not only the acetic acid which has been 
added, but also that present in the metallic acetate. As a result, the 




944 


ORGANIC DYES 


dye forms a lake wirii the tannin or with the residual metallic oxide, 
and is thereby fixed on the fibre. After being steamed, the fabric is 
washed and soaped at about 50°. 

Before being washed, materials mordanted with tannin are placed in 
a bath of tartar emetic at 60° (5 to 10 g. of tartar emetic in i litre of 
water). ^ 

As in dyeing, so also in printing, a type is employed in the 
examination ; the sample-prints are compared with one another. The 
shade and purity can generally be judged with sufficient accuracy, but 
only by long experience and under suitable conditions can the com- 
parison of the strengths be ascertained with the requisite degree of 
certainty. If the results do not afford an adequate guarantee of trust- 
worthiness, it is better to attempt to decide the matter by dye-trials. 

Flannel, in a thoroughly clean condition, is employed for print- 
trials on wool. Before printing, the flannel is “ chlored — that is, passed 
through a dilute bath of bleaching powder or sodium hypochlorite and 
subsequently through dilute acid; it is then washed well, dried, and 
printed. 

In many cases the wool is made ready by a solution of sodium 
stannate and subsequent treatment in an acid bath, or by aluminium 
acetate. 

The printing material consists of the thickened solution of the dye 
and a little acetic or tartaric or oxalic acid. In the case of true 
mordant dyes (for example, alizarin) the suitable metallic mordant must 
of course be added. 

** The fixing is effected by steaming, generally without pressure. 

Silk is printed directly with the thickened solution of the dye, 
containing a little free acid. 

Tests of Fastnessd 

In addition to the examination of their strengths, dyes have 
frequently to be tested as to their fastness, on the fibre, to the action 
of water, alkalis, acids, sunlight, etc. This can be done as follows : — 

Fastness to Water . — For this and the following tests, it is best to use 
yarn or other loose fibrous material. This is interlaced with undyed 
yarn and the plait is kept in water for some time, preferably over- 
night. The water should not become coloured and the undyed yarn in 
the plait should remain white. 

Fastness to Soap or Washing . — A similarly prepared plait is agitated 
for about fifteen minutes in a soap-bath (0-5 to i per cent, solution of 
Marseilles soap), at 50° — 60°. If the dye withstands this treatment 
well, the experiment is repeated in a boiling soap-bath. Dyes to be 

Cf. also H. Lange, “ Testing for Fastness, etc.,’* Fdrber-ZeiU^ 1903, 14, 269 ; G. v. 
Georgievics, “ How should Dyes be Tested for Fastness,” Z. Farh. Ind,^ 1902, i, 656. 



TESTS OF FASTNESS 


945 


used for calico printing must be able to beir prolonged soaping 
at about 6o^ without appreciable effect. 

When unspun cotton, intended for the manufacture of half-wool 
tissues, is to be tested, it is mixed with white wool by means of hand 
carding-combs and placed in<i a warm, approximately 0-5 p<^r cent 
solution of soft soap at 50° for fifteen to thirty minutes. It is then 
well washed, and the condition of the wool, the "’Cotton, the soap 
solution, and the washing water is examined. 

Fastness to Milling is of special importance for dyes which are used 
io dyeing the loose wool employed i|;i cloth manufacture. The property 
is exhibited almost only by true mordant dyes. 

The process of milling consists in scouring and kneading the wool 
with soap solution, whereby the wool fibres become felted. In this 
process, the dye must not be appreciably eliminated from the material, 
and also the white wool, which has been mixed with the dyed fibres, 
must not become coloured. 

Loose dyed wool is the best material for the mill^g test. It is 
plaited with white wool and vigorously kneaded with soap solution for 
some time. (The soap solution contains 0-5 to i per cent of soft soap 
with or without the addition of sodium carbonate, fuller’s earth, and 
such like.) The lather obtained ought not to be appreciably coloured. 
The plait is then washed thoroughly with water, laid on wet filter-paper, 
and allowed to dry as slowly as possible. The white wool ought not to 
be coloured, or only very slightly. Such colouring of the white wool 
is termed “ bleeding ” of the dye. This phenomenon generally appears 
only after the soap has Been completely removed by washing. Absence 
of bleeding is a property chiefly of dyes which are fixed by metallic 
mordants, and, moreover, is usually exhibited only by chromium lakes. 
It must be remembered that milling on the large scale, as a rule, is 
more effective than is possible on the small scale ; it is well, therefore, 
in important cases, to mill the sample with a batch of goods in the 
works. 

Fastness to Alkali . — The skein of cotton is interlaced with undyed 
cotton and the resulting plait is placed in a tepid i to 3 per cent, bath 
of sodium carbonate for half to one hour. Any change which occurs is 
often noticeable even when the plait is wet, sometimes only after it has 
been washed and dried. . 

Wool is placed in ammonium hydroxide of different concentrations, 
and is carefully examined while wet and also after drying. 

In another process it is saturated with a 5 per cent, solution of 
sodium carbonate, and examined after being dried. 

Fastness to Bleaching . — Wool and silk are suspended for a few hours 
in the sulphur chamber, or placed for a day in dilute aqueous sulphurous 
acid ; in both cases they are washed and dried. 
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In some cases it ik also necessary to examine .the effect produced 
by a dilute solution of hydrogen peroxide. 

Cotton is placed in a solution of bleaching-powder of sp. gr. i -oo i - 1 -003, 
washed after half to one hour, passed through a bath of very dilute 
sulphuric acid (sp. gr. 1-005), washed thoroughly, and dried. 

Fashiess to Rubbing is tested by vigorously rubbing the dyed 
samples on white»<ralico or coarse white paper ; the intensity of the colour 
of the rubbed surface can then be judged, especially if a dye of known 
fastness to rubbing is used in a comparative experiment 

Fastness to Perspiration can be ^satisfactorily judged only by testing 
the material under the conditions of everyday life. (Wearing of 
underclothing which has been dyed with the substance under 
examination.) 

If this is not done, a more or less satisfactory test is obtained as 
follows : — The dyed sample is kneaded with dilute acetic acid (about 
0*5 per cent), dried, and submitted again to the same treatment. If 
the colour suffers any change it will certainly not be fast to 
perspiration. 

In testing for fastness to perspiration E. Davidis,^ holding the 
opinion that human perspiration contains ammonium hydroxide and 
neutral fats, recommends, in the case of dyed woollen goods, the 
replacement of the acetic acid process by an alkaline method, in which 
the material is treated with a solution of ammonium hydroxide and 
soap. The solution consists of — 

•V 5 g. Marseilles soap, r 

3 C.C. ammonium hydroxide, 

I litre of water, 

and is used at 50°. The material under examination is kept in this 
solution for ten minutes, and is frequently squeezed. Conclusions as 
to the degree of sensitiveness of the material to perspiration can often 
be drawn from the more or less pronounced colour of the liquid. The 
thoroughly squeezed but unwashed sample is then laid on a piece of 
muslin and dried with a flat-iron. The degree of fastness of the dye 
to perspiration is then ascertained by the bleeding of the dyed material 
and the colour of the originally white muslin. 

A very good and much more searching test is the following : — The 
material is thoroughly squeezed and rolled, together with a strip of 
white calico, tightly round a glass rod. The bundle is allowed to dry 
at 50°. In consequence of the prolonged drying the dye has much 
more time to spread into the surrounding material or the white calico 
than is the case when the drying is rapidly accomplished by a flat- 
irout 


^ Fdrber-Zeit,^ 1904, 15, 373. 
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Fastness to Iro7iiug is tested by means of i hot flat-iron. The 
colour should remain unchanged, or, at any rate, should recover its 
original appearance after the material has been exposed to the air for 
a short time. 

Fastness to Hot-pressing , — A sample is exposed to the action of 
superheated steam at about iio°; or it is steamed, if possible, with a 
piece which is to be treated on the large scale. •• 

Fastness to Light {Fastness to Weather), — As a rule, the expert 
means by the term ^'fastness to light stability not only to light and 
air, but also to the action of heat, moisture, dust, and any possible acid 
or alkaline constituents of the last. On this account, it is advisable not 
to perform the test exclusively behind glass. ^ 

The samples under examination (skeins or strips) are fastened side 
by side (and, preferably together with samples of known fastness) 
to a clean, smooth, polished board or pasteboard, and are about half 
covered with a piece of paper of cardboard ; in this state they are freely 
exposed to the action of light, air, etc. The time of exposure and the 
atmospheric conditions (whether any sunshine or rain, and, if so, how 
much) are noted and the samples' are carefully examined from time to 
time for any alterations. To obtain trustworthy results it must be 
remembered that fastness to light depends on the strength of the dye ; 
weak colours are less resistant than strong. For this reason ohly 
samples of equal colour intensity should be exposed together. More- 
over, the dyed materials under comparison must be simultaneously 
exposed side by side and not one after another, because, as has been 
shown by Bunsen and Roscoe, the chemical activity of daylight not 
only varies during the day, but is different at different times of the 
year. A dyed material often requires a three or four times longer 
exposure in winter than in summer, to produce an equal degree of 
fading. Finally, it cannot be assumed that the results obtained 
in the case of one fabric are equally true for other fabrics. As 
a rule, colours prepared from one and the same dye are least 
fast on paper, then follows cotton, whilst wool and silk retain the 
colours best of all Exceptions to this generalisation, are, however, 
known.^ 

The degree of fastness to light which is required of the various dyes 
varies very much, and standards §hould be chosen which correspond 
with the use to which the dye is to be applied. 

For the testing of fastness to light, A. Scheurer and A. Brylinski^ 
employ standards of vat-dyed cotton of three intensities. The fading 
of these in sunlight is compared with that simultaneously occurring in 

^ Kitschelt, Z. angew. Chem,^ 1S97, lO, lOO ; cf, also Chem, News.^ 1S96, 74 ) ^^ 5 ) J Lehne, 
Farher.^ZeiL, 1896-1897, 8, 138. 

2 Bull Soc, Ind. Mulhouse^ 1S98, 68, 119, 273 ; 1899, .69, 93. 

II ' 3 
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the samples under examination. The three stock standards are dyed 
in three gradations by indigo. 

1st type. A dark blue, produced by 4 immersions, contains i-2 g. indigotin per sq. m. 
2nd „ A mean „ „ 2 „ „ 0-52 g. „ „ 

3rd „ A pale „ „ I „ f ,5 0-25 g. „ „ 

The dye under examination is also dyed in three strengths : ie., in 
dark, medium, and light shades. The exposure to light is done behind 
glass, using Marchand's apparatus, and is prolonged, in the first instance, 
until type 3 (the pale indigo blue) has faded to half its strength. If the 
eye cannot detect any change in 4 he palest sample under examination, 
the exposure is continued until type 2 (mean indigo blue) has lost half 
its strength, and so on. 

Dyes are termed very fast when they are more resistant than type 
I (dark indigo blue) ; fast when they behave in sunlight like type i 
(dark indigo blue) ; half-fast when they behave like type 2 ; slightly 
fast if like type 3 ; not fast when they are less resistant than type 3. 

Moreover; a determination has been made of the relations between 
these different degrees of fastness and the amount of indigo decomposed 
by the exposure of i sq. m. of “mean indigo blue” (type 2). The 
sample, after its colour had faded to half its strength, suffered a loss 
corresponding v/ith 0-25 g. of indigotin per sq. m. The amount 
of indigotin was estimated by extraction with glacial acetic acid accord- 
ing to Brylinski’s method (see below). 

Finally, it has been ascertained that o-i g. of decomposed indigotin 
-(per sq. m.) corresponds with 312 to 318 c.c. of carbon dioxide 
(reduced to 0° and 760 mm.), which are evolved per sq. cm. by 
exposure in a Marchand apparatus (and are produced by the action 
of the light on ferric oxalate). 

If these last results have more than a relative value, it should be 
possible to express the magnitude of the actinic activity in terms of the 
amount of indigotin decomposed per sq. m. or of the number of 
c.c, of carbon dioxide evolved per sq. cm. through the exposure to 
the light. 

At the instance of the Bayer Company, M. Kitschelt ^ has under- 
taken a comparative examination of the behaviour of all wool dyes on 
exposure to light, the standard of reference being a new unit of the 
bleaching power of light. This unit is the interval of time required for 
the disappearance of the colour of a 2 per cent, dyeing of thiazol yellow 
on cotton. Thiazol yellow is more suitable than other dyes for this 
purpose, because it fades uniformly to whiteness and possesses a 
suitable degree" of sensitiveness to light.^ 

^ Leipziger Momisschr if If, TzxU-Ina,^ 1904, I9, 21, 100, 

® Cf, also Bolis, Rev, Gm, Mat, Col,^ 1908, 12, 289. 
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Colorimetry. 

It has been already mentioned that those methods of examin- 
ation, by which the stren gth of dyes are estimated by com- 
parisons of the intensities of Ihe cbrours of their solutions, are, as 
a rule^ not applicable ii? practice^ Nevertheless, in special cases, for 
example in provisional, classifying trials, a colorimeter can be usefully 
employed ; for this reason a few suitable instruments will be now 
specified, 

‘The different forms of the apparatus which are made are all the 
same in principle. A solution of known strength serves as the 
standard, -and the, solution, of Ihe dye under examination is com- 
pared with it The intensity is determined either by adding water 
or alcohol to a measured volume of the solution under examina- 
tion until its colour is the same as that of the standard solution, 
or by varying the depth of the liquid, through which the operator 
is looking, until again the colour is the same as that of Yhe standard 
solution. The quantities of dye, present in two different solutions 
of the same intensity, are proportional to the volumes of the 
solutions. 

Very dilute solutions of the dyes must be used in the comparison in 
order that slight differences of intensity may be detected. Two 
similarly graduated burettes of the same diameter are used in 
the experiment. Equal volumes, for example, 50 c.c. of the two 
solutions (one of the typ)e, the other of the dye under examina-’ 
tion) are placed in the burettes, which are then so arranged that 
the experimenter can look from above downwards through the two 
columns of liquid. The solution which has the darker colour is 
carefully run out until both columns of liquid have exactly the same 
intensity. The heights of the liquids in the burettes are now read ; 
the colour strengths of the two solutions are inversely proportional 
to these heights. 

The procedure with Houton-Labillardiere’s and with Salleron's 
colorimeters is quite analogous. Of a somewhat different kind are 
Collardeau and Mills's colorimeters, A. Muller's complementary colori- 
meter, and Lovibond's tintometer.^ The last serves for measuring and 
recording dyeings, and is intended specially for providing colours of 
definite shades and definite depths. 

For other colorimeters, cf, Vol. I., pp. 379, 758, and 766, and this 
Vol., p. 249. 

^ J. Soc. Dyers and Col,, 1887, 3, 186 ; 1908, 24, 36. 
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Composition of the more important Commercial Dyes ^ 

I. NITRO-COMPOUNDS 

Picric Acid (Trinitrophenol), CgH2(N02)3. OH. 

Picric acid ^ fs prepared by treating phenolsulphonic acid with 
concentrated nitric acid. In the pure state it forms pale yellow 

crystals, which are moderately sparingly soluble in cold water, but 

dissolve easily in hot water, alcohol, or ether. It melts at i22°-5. 

Marchand states that picric acid dissolves in: — 

i66 parts of water at 5° 

86 „ „ 15° 

73 » 26° 

26 j) )5 73 

The acid and also its salts are characterised by an intensely bitter 
taste. Picric^ acid dyes wool and silk in acid solution a greenish 
yellow. Formerly it was extensively employed in dyeing for the 

shading of green and red, and also for the production of mixed colours. 

Martins Yellow (Naphthol Yellow, Manchester Yellow, Jaune 
d’or). — This dye is the sodium, ammonium, or more rarely the calcium 
salt of binitro-a-naphthol, and is prepared by boiling diazonaphtha- 
lene or a-naphthol-2 : 4-disulphonic acid with dilute nitric acid. 

The pure free binitronaphthol, melting point 138°, forms sulphur 
« yellow crystals which are sparingly soluble in water, rather more 
readily in alcohol, ether, or glacial acetic^acid. It yields with alkalis 
golden yellow salts which crystallise well and are easily soluble in hot 
water. Solutions of binitronaphthol do not taste bitter. In slightly 
acidified solution the substance dyes wool and silk a beautiful golden 
yellow shade ; its use, however, has been diminished since the discovery 
of much more stable azo dyes. It sublimes easily and can be removed 
from the fabric by warming. 

Naphthol Yellow S is the potassium or sodium salt of 2 :4-binitro- 
a-naphthol-y-sulphonic acid, OH . QqH/N02)2. SO3H, and is prepared 
by treating a-naphthol-2 : 4 : 7-trisulphonic acid with dilute nitric acid 
at 25^ 

The free acid forms long, yellow needles, which are easily soluble 
in water. It is a strong, dibasic acid ; the potassium salt, in particular, 
is characterised by its sparing solubility. Like picric acid, it can 
displace mineral acids from their potassium salts. The commercial 
product is a psle yellow, crystalline powder. It is very sparingly 

^ A full and uniform description of the numerous commercial dyes is impossible within the 
scope of this work. The following account is accordingly restricted to those dyes which are of 
special importance and interest 
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soluble in cold water, but comparatively easily^ in hot The salts 
of the sulphonic acid possess the advantage over Martius yellow of not 
being precipitated by acids and can be more easily employed in dyeing. 
Moreover, the colours produced are faster. 

It dyes wool in an acid-bathi, and silk in an acidulated boiled-off 
liquor-bath. 


II. AZO DYES. 

The azo dyes comprise a well-defined group of substances which 
have attained considerable importance in all branches of dyeing. The 
members first prepared were of a basic character, but in course of 
time numerous acid dyes have been produced which differ from the 
former by their greater stability and more extensive applicability. 

In the examination of azo dyes attention must be paid to their 
behaviour towards reducing agents and towards concentrated sulphuric 
acid. Many are converted by careful reduction into .most easily 
oxidisable hydrazo-compounds ; vigorous reduction causes^’fission, which 
in many cases may furnish valuable evidence for the recognition of the 
dye and the determination of its constitution. Azo dyes give character- 
istic colorations when dissolved in concentrated sulphuric acid. 

For the estimation of azo dyes (and of nitro-compounds, for example, 
picric acid and naphthol yellow S) E. Knecht ^ recommends the use of 
titanium trichloride, the preparation of which, from the commercial 
product, for this purpose is described in detail. Titanium trichloride 
quantitatively reduces azo dyes, the azo group being eliminated. Per-- 
manent decolorisation is produced. Four molecules of the trichloride 
correspond with one azo-group. The boiling solution of the dye, 
strongly acidified with hydrochloric acid, is titrated with standard 
titanium trichloride in a current of carbon dioxide until the colour 
disappears. In the case of many azo dyes, particularly of those derived 
from benzidine and similarly constituted bases, the reduction is 
evidently retarded by the insolubility of the dye, and the end-point is not 
easily detected. In such cases it is advisable to add an excess of standard 
titanium trichloride to the boiling solution of the azo dye, in a current 
of carbon dioxide, and, after cooling, to titrate the excess with standard 
ferric alum. This method yields valuable information for many 
purposes; it does not, however, furnish any evidence of purity and 
shade. As a rule, its application in dye trials is not omitted on this 
account 

I. Aminoazo-Compounds. 

Aminoazobenzene, CgHg.Ng.CgH^.NHg, as silch, was used only 

for a short time as a yellow dye ; it is extensively employed, however, 

# 

^ Ber,^ 1903, 36, 166, 1549 ; /, Soc. Dyers and Col, 1905, 2I, 3. 
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in the production of other dyes, such as fast yellow, tetrazo dyes, 
indulines, etc 

It crystallises in golden yellow needles and leaflets, which 
melt at 127° and distil at a higher temperature with partial 
decomposition; it dissolves slightly fn water, easily in alcohol and 
benzene. It combines with acids to form sajts which crystallise well 
but are very ^tfiistable. They usually possess a steel-blue reflex, 
and dissolve only sparingly in acidified water. They are decom- 
posed almost completely by pure water. The acid solution has a 
fine red colour. The nitrate ^ and the hydrochloride are fairly 
soluble in alcohol, the sulphate is sparingly soluble. Concentrated 
sulphuric acid and hydrochloric acid dissolve aminoazobenzene,fQrming 
yellowish brown solutions which become red on dilution with water. 
Reducing agents, such as hydrochloric acid and zinc dust or tin, convert 
aminoazobenzene into aniline and /-phenylenediamine. Nitrous acid 
changes it into diazoazobenzene. 

Chrysoidjne (Diaminoazobenzene), . Ng. CgH3(N 1^2)2, is pro- 
duced by mixing a dilute solution of diazobenzene chloride or sulphate 
with a dilute solution of ;;^-phenylenediamine. 

The free base forms beautiful, yellow needles, melting at II7°*S, 
which are almost insoluble in cold water, sparingly soluble in hot water, 
and easily soluble in alcohol or ether. It combines with i mol. 
of an acid to form stable salts, the solutions of which have a fine 
yellow colour. The hydrochloride crystallises either in glistening, 

^ black octahedra or in slender, felted needles. 

The solution of the mono-acid salt acquires a beautiful red colour by 
the addition of an excess of mineral acids, just as in the case of 
aminazobenzene. The resulting di-acid salts are very unstable and 
cannot be obtained in the solid state. 

ChrysoTdine is a very strong, beautiful, yellow dye, which un- 
fortunately is not particularly fast to light and air. It dyes directly 
on wool and silk in neutral baths. Unmordanted cotton also can fix a 
certain amount, but requires a previous treatment with tannin in order 
to acquire a good colour. 

Chrysoidine R is similarly prepared from diazobenzene chloride 
and ;/2-tolylenediamine. It dyes in redder shades. 

Bismarck Brown (Vesuvine, Phanylene Brown, Manchester Brown) 
is prepared by the action of sodium nitrite on a solution of 7/2- 
phenylenediamine hydrochloride. The dye is precipitated with sodium 
chloride and is purified by repeated solution and precipitation. It 
consists of the dihydrochloride of triaminoazobenzene or of the 
compound C6H4[N2. CgH3(NH2)2]2> 4HCI, or both. It is a strong, 
yellowish brown dye, which is applied in dyeing wool, silk, cotton, and 
leather. The process of dyeing is similar to that of chrysoidine. 
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Acid Yellow (Fast Yellow) consists of a irlixture of the sodium 
salts of aminoazobenzenesulphonic acid and aminoazobenzenedisul- 
phonic acid, and is prepared by the action of fuming sulphuric acid 
on aminoazobenzene or one of its salts. According to the strength 
of the acid, the duration of the reaction, or the temperature, the 
product may consist chiefly of the mono- or of the di-sulphonic acid, 
both of which are precipitated on dilution with w^fr. 

In general the sulphonic acids give the same reactions as aminoazo- 
benzene ; they are coloured red by dilute acids, yellowish brown by 
concentrated acids. Fast yellow d^es wool and silk in a faintly acid 
bath. It is not employed for dyeing cotton. The higher homologues 
of arpinoazobenzene — for example, aminoazotoluene — are yellow dyes 
which have a redder tint. Fast yellow is used in dyeing mostly as a 
shading material. Further, the aminoazobenzenesulphonic acids con- 
stitute the starting point for the production of Biebrich scarlet and 
other disazo-dyes. 

Orange IV (Diphenylamine Orange, Tropaeolin OQ) is prepared 
by allowing a thin paste of diphenylamine hydrochloride containing 
free acid to flow into a solution of diazobenzenesulphonic acid. After 
being washed, the precipitated acid is converted into the sodium 
salt. The sulphonic acid consists of violet needles, which are 
sparingly soluble in water. The sodium salt forms leaflets which 
are sparingly soluble in cold, easily in hot water. Its solution is 
coloured reddish violet by acids, and deposits glistening needles of the 
sulphonic acid even at moderately great dilutions. The calcium 
salt is quite insoluble. The sodium salt constitutes the technical 
product. Orange IV is a very fine, strong dye, the shade of which is 
yellowish orange. Like most acid colouring matters it is dyed from a 
dilute sulphuric acid bath. 

Of the different isomerides and homologues of Orange IV which 
are found in commerce, Metanil Yellow is prepared from diazobenzene- 
;;^-sulphonic acid, and diphenylamine. It closely resembles the pre- 
ceding dye in its reactions, but differs from it in its yellower shade 
and in the greater solubility of its salts. Fast Yellow N is prepared 
from diazotised ^-toluidinesulphonic acid and diphenylamine. It 
differs from the preceding in that it develops with concentrated sul- 
phuric acid a green colour, whi<sh changes to violet on dilution with 
water. Orange IV and Metanil Yellow give a violet solution in 
sulphuric acid. 

Curcumeine (New Yellow, Citronine, Citronine NE, Azoflavine 
3 R ex. cone.) is prepared by the moderate nitration of Orange IV and 
Azo Acid Yellow (Azo Yellow, Azoflavine, Indian Yellow, Azo 
Yellow, 3 G ex. cone. Citronine, 2 AEJ) by more vigorous nitration. 
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They are mixtures df nitrated Orange IV with nitrodiphenylamine 
(P. Juillard).!^ 

Orange III [Tropaeolin D, Helianthin, Methyl Orange (the 
sodium salt of dimethylaminoazobenzenesulphonic acid) ] is very seldom 
brought on the market as a dye. Itsh application as an indicator is 
mentioned in Vol. L, pp. 6i et seq. Its gre^.t sensitiveness to acids 
prevents its application as a dye. It dyes wool and silk best in the 
presence of alum or stannic chloride, and produces an orange shade. 

The free sulphonic acid forms reddish violet needles with a steel-blue 
reflex, and dissolves sparingly in water giving a red solution. With 
sulphuric acid it gives a yellowish brown colour, which is changed to 
red on dilution. The sodium salt forms beautiful, golden yellow leaflets 
which dissolve easily in hot water giving an orange-yellow solution. 
The solution is turned red even by a trace of a mineral acid. The dye 
is converted into sulphanilic acid and dimethyl-/-phenylenediamine 
when its acidified solution is treated with zinc dust. The dimethylated 
diamine can be detected very easily by the methylene blue reaction. 

Archil Substitute V is produced by the combination of /-nitro- 
diazobenzene and naphthionic acid. The commercial product is a 
brown paste, consisting of the sodium salt. It forms a reddish brown 
solution in water, and dyes wool archil red from an acid bath. Its chief 
merit lies in its remarkable equalising property. 

The aqueous solution yields a brownish red precipitate on the 
addition of hydrochloric acid ; the dye dissolves in concentrated 
sulphuric acid to a magenta-red solution. 

Apollo Red is obtained from /-nitrodiazobenzene and a-naphthyl- 
aminedisulphonic acid D, and is a brown powder which forms a 
brownish red solution in water. Hydrochloric acid develops a magenta- 
red coloration and sodium hydroxide produces a brown precipitate 
which is soluble in water ; concentrated sulphuric acid gives a magenta- 
red solution. Wool is dyed an archil red from an acid bath. 

Wool Violets is obtained from 2 :4-dinitrodiazobenzene and diethyl- 
metanilic acid. The commercial product is a black powder, which 
dissolves in water and in alcohol with a reddish violet colour. The 
colour of the solution is changed to orange by hydrochloric acid. 
Sodium hydroxide produces a bluish violet precipitate ; in concentrated 
sulphuric acid a scarlet-red solution is formed. Wool is dyed reddish 
violet from an acid bath. 

Meta Chrome Brown B {Akt Ges.) is prepared from diazotised 
picramic acid and ;; 2 -tolylenediamine. 

Anthracyl Chrome Green {DahT) is obtained from diazotised 
picramic acid and naphthionic acid. It dissolves in water with a 
reddish brown colour. Hydrochloric acid gives a blue-red colour and a 
^ B%iU. Sgc, 1905 [ni.], 33, 974 987, 
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Bordeaux red precipitate. Sodium hydroxide ^ives a brown precipi- 
tate, Concentrated sulphuric acid gives a bluish fiery reef solution, 

Palatine Chrome Brown W (B.A.S.F.) is prepared from diazotised 
e7-aminophenol-/-sulphonic acid and 7;2-phenylenediamine, Its solution 
in water is orange brown, and ift sulphuric acid dark orange brown. 

2. Hydroxyazo-Compounds. # • 

Tropaeolin O (Resorcin Yellow, Chrysoin) is the sodium salt of 
/-sulpho-benzeneazoresorcinol and is obtained by adding a solution of 
/-diazobenzenesulphonic acid to a slightly alkaline solution of resorcinol. 

The free acid forms blackish brown leaflets with a green 
reflex, which are slightly soluble in cold, moderately so in hot water. 
Concentrated sulphuric acid dissolves it with a yellow colour. The 
sodium salt forms beautiful, orange-yellow leaflets, or large prisms. 
The acid is not precipitated from an aqueous solution of the sodium 
salt by the addition of dilute hydrochloric acid. The precipitation is 
only effected by a larger amount of concentrated hydrochloric acid or 
of dilute sulphuric acid, Tropaeolin O is a fine, very strong dye, the 
shade of which is rather yellower than that of Orange IV. The method 
of dyeing is the same for both. 

Phenoflavine is prepared from ?/^-diazobenzenesulphonic acid and 
3-aminophenol-5-sulphonic acid (III), and is brought on the market in 
the form of the sodium salt, a brownish yellow powder which forms a 
yellow solution in water. The colour of the solution is changed to 
orange by hydrochloric.^ acid or sodium hydroxide ; concentrated 
sulphuric acid produces a yellow solution. Wool is dyed yellow from an 
acid bath. 

New Phosphine G, N(CH3)2 . CH^. . N^. CeH3(OH)2, is obtained 
from /-diazobenzyldimethylamine and resorcinol. The commercial pro- 
duct is a yellowish brown powder, which forms an orange-brown 
solution in water : hydrochloric acid renders the aqueous solution turbid, 
whilst sodium hydroxide turns it browner. Concentrated sulphuric acid 
forms a brownish orange solution. It resembles ordinary phosphine in 
its dyeing properties, but produces rather greener shades. It is employed 
in dyeing leather and tannin-mordanted cotton. 

Tannin Orange R, OH.CiQHg.N2.CQH4.CH2.N(CH3)2, HCl, is pre- 
pared from /-diazobenzyldimeth>damine and /3-naphthol. The com- 
mercial product is a reddish brown paste. It dissolves in distilled 
water forming an orange-brown solution ; which gives a brown precipitate 
with ammonium or sodium hydroxides, soluble in acids. An excess 
of hydrochloric acid also produces a brown precipitate; Concentrated 
suMfuric acid colours the substance reddish violet 
/grange II (Tropaeolin 000 No. 2, /3-Naphthol Orange; Orange 
''"^tra, Mandarin G extra; Gold Orange), OH.Cjofig.Ng.C^jH^.SOgNa. 
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— The sulphonic acid is a vermilion powder which is easily soluble in 
hot water. Concentrated sulphuric acid dissolves it with a magenta- 
red colour which changes to orange on dilution. The sodium salt 
which constitutes the commercial product, crystallises from hot 
water in elongated, orange-yellow leaflets which contain water of 
crystallisation. The anhydrous salt is a scarlet powder. The orange- 
yellow colour of'^lSie solution is not affected by alkalis (distinction from 
a-naphthol dyes). The calcium salt, produced by the addition of 
calcium chloride to the solution, is moderately soluble in hot water, 
although much less so than the sodium salt. The barium salt is almost 
completely insoluble. 

Orange II is a very important azo dye, characterised by its beauty 
and stability. It is extensively employed in dyeing, either by itself or 
for shading scarlet-red dyes. The method of dyeing is that of the acid 
azo dyes. 

Crocein Orange (Brilliant Orange G, Ponceau 4 GB), 

• (1) (2) (6) 

CoH 5 .N:N.C,oH,(OH).S 03 Na, 


is obtained from diazobenzene chloride and /3-naphthol-6-sulphonic acid 
(Schaeffer’s acid). The commercial product (the sodium salt) is a 
red powder which forms an orange-yellow solution in water; hydro- 
chloric acid produces a brown precipitate ; concentrated sulphuric acid 
gives an orange-yellow solution. Wool is dyed orange-yellow from an 
acid bath. 



Sst Red (Roccellin, Rauracienne), 

(4) (1) 

S 03 Na.qoH,.N 2 .CioH,.OH(^). 


The free acid and the sodium salt form brown needles which are 
sparingly soluble in cold water, more easily in hot water. The solution 
has a brownish red colour. Concentrated sulphuric acid dissolves 
the dye with a bluish violet colour, which turns brown on dilution and 
the sulphonic acid is precipitated. The potassium salt is quite 
insoluble. Fast Red is a very strong dye, producing shades inter- 
mediate between those of scarlet and Bordeaux reds. Like the 
preceding, it is an acid dye. 

Brilliant Fast Red (B.AS,F.)y obtained from diazotised 
a-naphthylamine- 5 -sulphonic acid and /3-naphthol, yields brilliant shades 
with a yellow tinge. 

Lithol Red {B,A.S.F,)y specially used in the lake industry, is 
prepared from j^-naphthylamine-i-sulphonic acid and /3-naphthol. 

Helioptirpurin 7BL (Bj/) is prepared from /3-naphthylamine-i : 6 - 
disulphonic acid and / 3 -naphthol- 3 : 6 -disulphonic acid (R). The 4BL 

m 

^ Chem, Zeit^ 1900, 24, ref, 115. 
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brand is obtained from /3-naphthyIamine-3 :6^1isuIphonic add and 
a--naphthol-3 : 6-disulphonic acid, and the GL brand from /3- 
naphthylamine-3 : 6-disulphonic acid and /3-naphthoI-3 : 6 : 8-trisuIphonic 
acid. These dyes are also specially used for the preparation of lakes. 

Azorubin S (Azo Acid Rubin, Carmoisin, Fast Red C, Nacarat,etc.), 

( 4 ) • ( 1 ) C 2 ) < 1 ) ( 4 ) 

SOgNa . CioHg . N = N . CioH,(OH) . 

is obtained by the action of diazonaphthalenesulphonic acid on a- 
naphthol-4-sulphonic acid. The coipmercial product is a brown powder 
which forms a magenta-red solution in water. Concentrated sulphuric 
acid ‘produces a violet solution which is turned magenta-red by the 
addition of water. Brown flocks are precipitated from the aqueous 
solution by hydrochloric acid ; the colour of the solution is changed to 
yellow by sodium hydroxide. Wool is dyed red from an acid bath, 

Crocein 3BX, SOgNa . CioH^ . N : N . qoH^COH) . SOgNa, is obtained 
by the action of a-diazonaphthalene-4-sulphonic acid on j8-naphthoI-8- 
sulphonic acid (croceYn acid). It is a red powder which gives a 
yellowish red solution in water. Wool is dyed scarlet-red from an acid 
bath. It develops a reddish violet coloration with concentrated 
sulphuric acid. 

Double Brilliant Scarlet 3R (Double Scarlet extra S) is produced 
from diazotised /3-naphthylamine-6-sulphonic acid (Brdnner’s acid) and 
a-naphthol-4 sulphonic acid. It is a brownish red powder, which 
dissolves in water with 'a yellowish red colour, gives a magenta-red 
solution in concentrated sulphuric acid, and dyes wool scarlet-red from 
an acid bath. 

Eosamin is obtained from diazotised ;;2-amino-/-cresol ethyl 
ether and a-naphthol-3 : 6-disulphonic acid, and is a brownish red 
powder, which dissolves easily in water, forming a red solution. The 
colour of the aqueous solution is unchanged by hydrochloric acid and is 
darkened slightly by alkalis. The dye gives a bluish violet solution in 
concentrated sulphuric acid, which is changed immediately to rose-red 
on dilution with water. It dyes wool and silk from an acid bath. 

Guinea-Carmin B^ Ges .). — A dark red powder which is 

sparingly soluble in cold water but dissolves readily in hot water 
giving a violet solution. Reddish blue flocks separate when the hot 
solution is cooled. The aqueous solution is rendered bluer by 
hydrochloric acid, and orange by sodium hydroxide. The dye forms 
a blue solution in concentrated sulphuric acid. 

It dyes wool from an acid bath in bright red shades with a bluish 
tinge, which are moderately fast to acids, alkalis, and sulphur. It also 
1 C/iem. Ind., 1896, 19, 8, ^ Rev. Geiu MatXol, 1900, 4, 64. 
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equalises very well. For dyeing it is conveniently dissolved in acidified 
water (o-i percent sulphuric acid). The dyeing must be performed in 
wooden vessels since copper and tin spoil the shade. 

The /3-naphtholdisulphonic acids yield numerous valuable dyes, of 
which the following should be mentioned, but it must be observed that 
the same dye is often put on the market by^ different manufacturers 
under different immes. 

Ponceau 2G is prepared from diazobenzene and R*salt (the sodium 
salt of /3-naphthol-3 : 6-disulphonic acid). It dyes wool and silk reddish 
orange in an acid bath. ^ 

Ponceau R is obtained from diazoxylene (from crude xylidine) and 
R-salt 

Ponceau 2R is prepared from diazo»7;2-xylene and R-salt. 

Ponceau 3R is prepared from diazoethyl-;;'2-xylene and R-salt 
^ The shade of these three dyes is a beautiful scarlet-red ; R is the 
yellowest and 3R the bluest product 

Bordeaux^ B is obtained from a-diazonaphthalene and R-salt. It is 
rather sparingly soluble in water. Concentrated sulphuric acid produces 
a blue solution which becomes violet on dilution. The calcium salt is 
insoluble. It dyes wool bluish red with a tinge of brown. 

Amaranth is produced by the action of diazo-a-naphthalene-4- 
sulphonic acid on R-salt. 

G-Acid (/3-naphthol-6 : 8-disulphonic acid) forms dyes the shades of 
which are much yellower than those produced from R-salt 

Orange G, C^Hg. N : N. CioH4(OH) (S03Na)2, is prepared from diazo- 
Benzene and /3-naphthol-6 : 8-disulphonic acid."* It dyes wool yellowish 
orange from an acid bath and gives an orange-yellow solution in 
concentrated sulphuric acid. 

Ciystal Scarlet 6R is obtained from a-diazonaphthalene and G-salt 
The commercial product consists of brownish red, glistening crystals. 

New Coccin is obtained from a-diazonaphthalene 4-sulphonic acid 
and G-salt 

Palatine Scarlet is prepared from diazo-;;^-xylene and a-naphthol- 
3 : 6-disulphonic acid. 

Wool Scarlet R is prepared from diazoxylene and a-naphthol- 
4 : 8-disulphonic acid (Schollkopf s acid), and is a brownish red powder 
which dissolves in water with a yellpwish red colour. The colour of 
the aqueous solution is changed to a bluer red by hydrochloric acid. 
Concentrated sulphuric acid produces a cherry-red solution. It dyes 
wool red from an acid bath. 

Azo Bordeaux is prepared from a-diazonaphthalene and a-naphthol- 
4 : 8-disulphonic acid. The commercial product (the sodium salt) 
is a brown powder, which forms a magenta-red solution in water. 
Hydrochloric acid and sodium hydroxide do. not affect the colour ; 
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concentrated sulphuric acid produces a blue solution. Wool is dyed 
red from an acid bath. 

Azo Cochineal is prepared from diazotised <?-anisidine and a- 
naphthol-4 : 8-disulphonic acid, and consists of a red powder which is 
easily soluble in water and giv^s a dark red solution in concentrated 
sulphuric acid. The colour of the aqueous solution is not altered by 
hydrochloric acid or sodium hydroxide. Wool is ^yed red from an 
acid bath. 

Sorbin Red (B.AS.F.) [Azogrenadin S {By) Lanafuchsin SB 
{Cassella)’] is prepared from acetyl-/-phenylenediamine and a-naphthol- 
3 r6~disulphonic acid. It is a dark fed powder which dissolves with a 
crimson red colour in water or alcohol. The aqueous solution is not 
changed by hydrochloric acid but with sodium hydroxide it turns 
brown. Concentrated sulphuric acid gives a dark crimson colour. 
Lanafuchsin SG has similar properties, but gives a yellower shade 
of red. 

Ponceau 6R is prepared from a-diazonaphthalene-4-suIphonic acid 
aiffd ^-naphthol-3 : 6 : 8-trisulphonic acid. The sodium salt is a brown 
powder which dissolves in water with a magenta-red colour, and gives 
a violet solution in concentrated sulphuric acid. The colour of the 
aqueous solution is unchanged by hydrochloric acid, whilst sodium 
hydroxide turns it brownish red It dyes wool red from an acid bath. 

Chrome Brown P {Poirrier) is prepared by the action of picramic 
acid on ?; 2 -aminophenoI. 

Acid Alizarin Black R {M, L, Br^) is prepared from diazotised 
6-nitro-2-aminophenol-4-5ulphonic acid and /3-naphthoI. The solution 
in water is brownish violet, and is changed to red by hydrochloric acid 
or sodium hydroxide. It gives a reddish violet solution in concentrated 
sulphuric acid. 

Brilliant Sulphone Red B {Sandos) is a red powder which dissolves 
in water with a bluish red colour. The solution is unchanged by 
hydrochloric acid or sodium hydroxide. Concentrated sulphuric acid 
produces a red solution which becomes bluish red on dilution. Wool 
is dyed bright red from a boiling bath. 

Fast Sulphone Violet 4R {Sandoz) is a violet-black powder which 
dissolves easily in water with a reddish violet colour. Hydrochloric 
acid and sodium hydroxide do not cause any change. Concentrated 
sulphuric acid dissolves the dye with a violet colour which becomes 
reddish violet on dilution. 

Fast Sulphone Violet 5BS {Sandoz^) is a greenish black powder 
which gives a violet solution in water. A brick-red precipitate is pro- 
duced in the aqueous solution by hydrochloric acid ; sodium hydroxide 
produces a brownish red colour. A red solution is obtained in con- 

1 B. P. 228S6 of 1899. 
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centrated sulphuric aQ?.d, from which a brick-red precipitate is produced 
on dilution with water. 

3. Azo Dyes from Carboxylic Acids. 

All dyes belonging to this class pqssess a remarkable tendency to 
unite with metallic mordants, particularly with chromium compounds. 

Alizarin Yellc^w GG. — The dye prepared by coupling diazotised 
nitroaniline and salicylic acid possesses, like the alizarin dyes, the 
property of being fixed by metallic mordants. 

It is brought on the market as a paste and produces, especially when 
chromed, a yellow tinged with green which is very fast to light and 
soap. 

It is employed in calico-printing as a substitute for Persian berries 
and as a substitute for fustic in wool dyeing. 

Alizarin Yellow R is obtained from diazotised /-nitroaniline and 
salicylic acid. The commercial product is a paste containing 20 per 
cent, of the acid, which is insoluble in water. The sodium salt occurs 
in Terracotta R {Geigy)^ which is prepared by the nitration of benzene- 
azosalicylic acid ; it is a brownish yellow powder, which is soluble in 
water and is turned red by sodium hydroxide; hydrochloric acid 
produces a brownish yellow precipitate whilst concentrated sulphuric 
acid gives an orange-yellow solution. Chromed wool is dyed yellowish 
brown. 

Persian Yellow (Getgy) is obtained by the nitration of /-toluene- 
azosalicylic acid, and is put on the market as a brown, 20 per cent, 
paste, which gives a yellow solution in boiling water. The solution is 
coloured orange-brown by sodium hydroxide. Concentrated sulphuric 
acid gives an orange-yellow solution. Chromed wool is dyed yellow. 

Chrome Yellow GG Ges,) is prepared from diazotised 0- 

anisidine and salicylic acid. 

Mordant Yellow^ (Anthracene Yellow BN, Milling Yellow) is 
prepared from ^-diazonaphthalene-7- or 8-sulphonic acid and salicylic 
acid. It is a yellow powder which produces an orange-red solution in 
water ; a dirty grey, gelatinous precipitate is produced in the aqueous 
solution by hydrochloric acid, and an orange-red precipitate by sodium 
hydroxide. Concentrated sulphuric acid gives an orange-red solution. 

Crumpsall Yellow is prepared from diazotised /3-naphthylamine-6 ; 8- 
disulphonic acid and salicylic acid. 

Diamond Yellow G (Bayer) is obtained by coupling 7;^-diazobenzoic 
add and salicylic acid, and occurs in the form of a greyish yellow paste, 
which is sparingly soluble in water, but dissolves easily in sodium 
carbonate or acetate, from which solutions hydrochloric acid produces 
a yellow precipitate. Concentrated sulphuric acid gives a reddish 

^ NietzRi, Chemie dsr Organiscken Farbstqfe^ 1906, p, 67. 
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yellow solution. The dye produces a yellow on c(jromed wool, which is 
very fast to light and milling. 

The isomeric compound, obtained from ^?-aminob^zoic acid, is 
Diamond Yellow R, a brown paste which is very similar to the 
preceding substance in its reactions, but dyes wool a rather redder 
yellow. 

Anthracene Yellow *0 {Cassella), obtained from^tetrazotised thio- 
aniline and 2 molecules of^ salicylic acid, is a brownish yellow powder 
which is sparingly soluble in water. Hydrochloric acid produces a dirty 
coloured precipitate in the greenish yellow solution ; sodium hydroxide 
gi’\ 7 es an orange-yellow solution, aM sulphuric acid a dark brown 
solution. On diluting the latter with water a dirty brown precipitate is 
obtained. 

Anthracene Yellow GG^ {Casselld) dyes a purer and rather greener 
yellow than the C brand. The commercial product is a pale yellow 
powder which is sparingly soluble in cold water. The greenish yellow 
solution gives an orange-brown precipitate with hydrochloric acid ; a 
large excess of sodium hydroxide also produces a precipitate. Concen- 
trated sulphuric acid gives a yellow solution from which the dye is 
precipitated by dilution. It dissolves slightly in alcohol with a yellow 
colour. 

Anthracene Yellow {Casselld) is a brownish yellow powder, 
which is sparingly soluble in cold water, but dissolves more easily in hot 
water, giving a brownish yellow solution. The dye separates out on 
cooling the hot solution. A brown precipitate is produced by hydro- 
chloric acid, and an orange yellow precipitate by sodium hydroxide, ii> 
the aqueous solution. The solution in concentrated sulphuric acid is 
brownish violet ; on dilution with water the dye is precipitated. The 
dye is slightly soluble in alcohol 

Grenat en pate iSandoz) is a brick-red, microcrystalline 10 per 
cent, paste which dissolves rather sparingly in water with a brick-red 
colour. With the aqueous solution, hydrochloric acid gives an eosin-red 
precipitate ; sodium hydroxide produces a bluer red colour. Concen- 
trated sulphuric acid gives a bluish red solution, from which, on dilution, 
an eosin-red precipitate is obtained. 

In the presence of acids, it produces garnet-red shades directly on 
silk and wool ; of more special value, however, are the bluer red lakes 
which are extremely fast to milling and light, and are obtained by 
boiling directly dyed cotton and wool with chromium fluoride. Conse- 
quently the dye is excellently adapted for admixture with alizarin dyes, 
logwood, and other dyes which yield chromium lakes. 

Eriochrome Phosphine R {Geigy) is prepared fro!n diazotised /- 
nitroaniline-{?-sulphonic acid and salicylic acid. The yellowish orange 
^ Rev* Mat Gen* Col.^ 1898 , 2 , 420 . Ibid.^ 1898 , 2 , 420 . 
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aqueous solution becqmes pale orange with hydrochloric acid and blue- 
red with sodium hydroxide. It gives a yellowish orange solution with 
concentrated sulphuric acid. 

Alizarin Yellow 5G (AT. Z. Zr.) [Azoalizarin Yellow 6G (Durand, 
Huguenin), Tartrachromin GG (Ba^le Co.)] is prepared from /- 
phenetidine and salicylic acid. 

Diamond FJ^vin C is prepared by combinfng tetrazotised benzidine 
with one molecule of salicylic acid and boiling the product. It is a 
yellowish brown paste or powder which dissolves in water when sodium 
acetate is added. It gives a blood-red solution with concentrated 
sulphuric acid. * 

4. Dihydroxynaphthaleneazo Dyes. 

Azofuchsin B (Safer), obtained from diazotoluene and i : 8-di- 
hydroxy-naphthalene-4-sulphonic acid S, is a blackish brown powder 
which dissolves in water with a bluish red colour. Hydrochloric acid turns 
the solution red and produces a reddish brown precipitate ; the solution 
becomes blu^r with sodium hydroxide. Concentrated sulphuric acid 
gives a violet solution which becomes bluish red on dilution. 

Azofuchsin G (Bayer) is prepared from /-diazobenzenesulphonic 
acid and i : 8-dihydroxynaphthalene-4-sulphonic acid S. It is a reddish 
brown powder, which dissolves in water with a bluish red colour ; the 
solution is rendered yellower by hydrochloric acid and bluer by sodium 
hydroxide. Concentrated sulphuric acid gives a violet solution which 
becomes bluish red on dilution. 

. Azo Acid Violet 4R (Bayer) is a dark brpwn powder, and probably 
also belongs, like the three following dyes, to this class. The red 
aqueous solution becomes bluer on the addition of hydrochloric acid. 
Sodium hydroxide produces a soluble, orange-red precipitate. The 
solution in concentrated sulphuric acid is violet-red. 

Red G for Silk (B.AS.F.)} The commercial product is a red 
powder, which dissolves in water with an orange-red colour. The 
solution gelatinises by cooling. The alcoholic solution has an orange 
colour. Hydrochloric acid produces a gelatinous, brown precipitate in 
the aqueous solution. An excess of sodium hydroxide causes incom- 
plete precipitation. The dye dissolves in concentrated sulphuric acid 
with a magenta-red colour ; a dirty brown precipitate is produced by 
dilution. The boiling aqueous soltution is decolorised by stannous 
chloride and hydrochloric acid. 

Silk is dyed a bright red from an acid, boiled-off liquor bath. 

Red R for Silk (B.A.S.F.)^ dyes silk a bluer red and a purer shade 
than roccellin. ' It is a reddish brown powder which is slightly soluble 
in cold water, but gives a cherry-red solution in hot water. Crystals 

^ Sm. Mat Col, 1898, 2, 386. 


2 Ibid. 
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separate from the hot solution by cooling. The alcoholic solution has 
a red colour. Hydrochloric acid produces a brown precipitate in the 
aqueous solution. Sodium hydroxide turns the soluticn darker and 
reddish violet. Concentrated sulphuric acid gives a violet-red solution, 
from which a brown precipitate separates on dilution with water. 

The substance is decolorised by heating with stannous chloride and 
hydrochloric acid. 

Azo Acid Carmin B (M^L. Bk) ^ is a brown powder which dissolves 
easily in water with a bluish red colour. The aqueous solution is 
unchanged by hydrochloric acid or sodium hydroxide. Concentrated 
sulphuric acid gives a yellowish brown solution, which becomes bluish 
red on dilution with water. It dyes wool from an acid bath like azo- 
fuchsin and equalises well. 

Roxstain {Durand, Hugiienin, & Co) is obtained from diazo- 
a-naphthalene-4-sulphonic acid and 2 : 7-dihydroxynaphthalene, It is a 
brick-red powder giving a scarlet-red solution in water, which is 
unchanged by hydrochloric acid, but is darkened by sodium hydroxide. 
Concentrated sulphuric acid gives a deep violet solution. The dye is 
used as an archil-substitute, 

Chromazone Red A {Geigy) is the sodium salt of benzaldehydeazo- 
I : 8-dihydroxynaphthalene-3 : 6-disuIphonic acid, and dyes wool in 
brilliant wine-red shades in an acid bath. 

Chromazone Blue R {Getgf) is the sodium salt of the ethylphenyl- 
hydrazone of benzaldehydeazo-i : 8-dihydroxy naphthalene-3 : 6-disul- 
phonic acid. It gives blue colours on chromed wool which are very 
fast to milling and to acid. 

Chromotrope Dyes (Af. D Br) are produced by the combination of 
various diazo compounds with chromotropic acid (i : 8-dihydroxy- 
naphthalene-3 : 6-disulphonic acid), and can be used with or without 
mordants. In an acid bath wool is dyed in more or less bluish shades 
of red ; on treatment with potassium bichromate these are changed to 
dark blue or black, as indicated in the following table : — 



Direct colour. 

After treatment 
■with Potassium Bicliromate. 

Chromotrope 2 R 
„ 2 B 

„ 6B 

„ SB 

„ lOB 

„ FB 

Cochineal scarlet 
Bluish scarlet 

Magenta red • 

Bluish magenta red 
Violet 

Crimson 

Navy blue. 

Blackish blue. 

Grey. 

Greyish black. 

Purple blue. 


Victoria Violet 4BS is obtained by eliminating the acetyl group 
from chromotrope 6B or by the alkaline reduction of chromotrope 2B, and 
^ Rev. Gen. Mat. CoL, 1899, 3, 90, • 

3 p 


II 
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is therefore the sodiem salt of /-aminobenzeneazo-i : 8-dihydroxy naph- 
thalene-3 : 6tdisulphonic acid It is a grey-green powder which dis- 
solves in water with a dark violet colour. The solution becomes 
yellowish red on the addition of hydrochloric acid or of sodium hydroxide. 
Concentrated sulphuric acid produces^a bluish red solution, from which 
yellowish red flocks are precipitated on dilution with water. 

Similar compounds occur in Victoria Violet 8BS and Azo Acid 
Blue B. 

Diamond Black PV (Baj/er) is prepared from ^?-aminophenol- 
sulphonic acid and i : 5-dihydroxynaphthalene. In comparison with 
other brands of diamond black (dfsazo dyes) it is weaker, but is probably 
the fastest black known. 

S. Aminonaphtholazo Dyes. 

Lanacyl Dyes {Cassella) are fast azo dyes, which are obtained from 
diazotised /m-aminonaphtholsulphonic acids and secondary a-naphthyl- 
amines or i : 5-aminonaphthol. The shades produced on wool in an 
acid bath are fast to alkali, acid, and light. 

Lanacyl Violet B, prepared from i : 8-aminonaphthol-3 :6-disulphonic 
acid and ethyl-a-naphthylamine, is a blackish brown powder, which 
dissolves in water with a violet-red colour. The colour becomes redder 
with hydrochloric acid, and pale ponceau red with sodium hydroxide. 
The dye dissolves in concentrated sulphuric acid with a greenish blue 
colour. 

Lanacyl Blue R dissolves in water with a reddish violet colour ; it 
behaves similarly to the preceding. 

Lanacyl Blue BB (Indigo Substitute) is obtained by coupling 
diazotised i : 8-aminonaphthol-3 : 6-disulphonic acid and i : 5-amino- 
naphthol. It dissolves in water with a violet colour; the colour 
becomes redder on treatment with hydrochloric acid or sodium 
hydroxide. Concentrated sulphuric acid produces a greenish blue 
solution. 

Lanacyl Navy Blue dissolves in water with a bluish violet colour. 
The colour of the aqueous solution is not affected by hydrochloric acid, 
and is changed to reddish violet by sodium hydroxide. Concentrated 
sulphuric acid gives a green solution. 

Anthracene Chrome Black {Cassella) is prepared from 3-amino- 
^-naphthol-7-siilphonic acid R and ^-naphthol. 

Palatine Chrome Blue {B,A,S.F.)^ Eriochrome Blue Black R 
{Getgy), are diazotised i-amino-2-naphthol-4-sulphonic acid combined 
with j8-naphthol. 

Eriochrome Black A {Gezgy) is prepared from diazotised 8-nitro-i- 
amino-^-naphthol-4-sulphonic acid and / 3 -naphthol. The dark blue 
aqueous solution*' gives a reddish brown precipitate with hydrochloric 
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acid, and becomes cherry-red with sodium hydroKide, Concentrated 
sulphuric acid gives a dark violet-black solution. 

Eriochrome Red B {Geigy) is prepared from diazoiised i-amino- 
/3-naphthol-4-,sulphonic acid and phenylmethylpyrazolone. The 
yellowish red aqueous solution gives a scarlet-red precipitate with hydro- 
chloric acid, and becomes orange-yellow with sodium hydroxide. Con- 
centrated sulphuric acid gives a magenta-red solution. 

Chrome Fast Cyanin Q {Basle Co.) is prepared from diazotised i- 
amino-2-naphtholsulphonic acid and a-naphthol. 

6. Disazo Dyes. 

In consequence of the presence of an amino group, aminoazobenzene 
and its homologues can be converted, by treatment with nitrous acid, into 
diazo compounds which, like diazobenzene and its homologues, couple 
with amines and phenols to form dyes. These dyes contain, there- 
fore, two azo groups, N : N. Of the greatest technical importance 
are those dyes which are prepared from /3-naphthol and its sulphonic 
acids. 

Biebrich Scarlet (New Red L, Imperial Scarlet, Ponceau B, etc.) 
is prepared from diazotised aminoazobenzenedisulphonic acid and 
/3-naphthol. It is a reddish brown powder, which dissolves in water 
with a yellowish red colour. A dark red, flocculent precipitate is 
produced in the aqueous solution by hydrochloric acid, and brown 
flocks by sodium hydroxide. The calcium salt of the sulphonic acid 
is insoluble. Concentrated sulphuric acid gives a fine green solution 
the colour of which is changed through violet to red on dilution with 
water; finally a brown precipitate is produced. When a faintly 
alkaline solution of the dye is treated with zinc dust or sodium 
amalgam, the ^-naphthol is eliminated as aminonaphthol, and 
aminoazobenzenedisulphonic acid is regenerated. 

Wool and silk are dyed a beautiful, cochineal red from an acid 
bath. 

Crocein Scarlet 3B (Ponceau 4RB) is the commercial name of an 
isomeric disulphonic acid which is obtained by coupling diazotised 
aminoazobenzenesulphonic acid and /3-naphthol-8-sulphonic acid. The 
sodium salt is a scarlet-red, crystalline powder, which dissolves very 
easily in water with a fine red colour. On treatment with hydrochloric 
acid the solution deposits the acid (or probably an acid salt) in the 
form of almost black crystals with a green reflex. The dye dissolves 
in concentrated sulphuric acid with a blue colour, which is changed to 
red on dilution with water. 

The dye is not precipitated from its solution by alum (difference 
from Biebrich scarlet). Barium chloride produces in the solution of the 
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sodium salt a predpitate which is changed on boiling into almost 
insoluble, EJack, crystalline leaflets. The dye produces a rather 
yellower shade of red than Biebrich scarlet, and is one of the finest 
red azo dyes. 

Eriochrome Verdone A {Geigy), «6ulphanilic acid is diazotised and 
combined with ^/i-amino-^-cresol, and the product is diazotised and 
combined with (^Sxrnaphthol. Concentrated sulphuric acid gives a green 
solution. Wool is dyed in claret-red shades from an acid bath, which 
on chroming become blue-green. 

Numerous other dyes, such as the following, can be prepared by 
means of various /S-naphtholsulphonic acids : — 


Trade name. 

From diazotised 

Coupled with 

Brilliant Crocein . 

Aminoazobenzene 

/5-NaphthoI-6 : S-disulphonicacid. 

Crocein Scarlet 7B 

Aminoazotoluenesulphonic 

acid 

/3-Naphthol-8-sulphonic acid B. 

Crocein Scarlet 0 extra . 

Aminoazobenzenedisulphonic 

acid 

jj 

Fast Scarlet B 

Aminoazobenzenesulphonic 

acid 

/3-Naphthol-6-sulphonic acid S. 

Fast Ponceau 2B . 

Aminoazobenzenedisulphonic 

acid 

/S-NaphthobS : 6-disulplionic 
acid R. 

Bordeaux G . 

Aminoazotoluenesulphonic 

acid 

/3'Naphthol-6-sulphonic acid S. 

Bordeaux BX 

Aminoazoxylenedisulphonic 

acid 

/3-Naphthol. 

Erythrin X . 

Aminoazobenzene 

/3-Naphtholtrisulphonic acid. 

Crocein B . . , 

•) 

a-Naphthol-4 ; 8-disulphonic 
acid Sch. 

a-Naphthol-4 : 8-disulphonic 
acid Sch. 

Crocein SB . 

Aminoazotoluene 


Cloth Reds. — Many dyes are brought on the market under the 
name Cloth Reds,” and are employed for the dyeing of unmordanted 
wool or of chromed wool. For example : — 


Trade name. 

From diazotised 

Coupled with 

Cloth red G (Bayer) 

Aminoazobenzene 

a-Naphthol-4-sulphonic acid NW. 

„ red B 

Aminoazotoluene 


„ red 8G „ 

j) 

j3-Naphthylamine-6-sulphonic 
acid Br. 

,, red 33 ,, 


Ethyl- j3-naphthyIamine-7-sul- 
phonic acid. 

„ red G (Oehler) . 


jS-Naphthol-6-sulphonic acid S. 

„ red B „ 

[Fast milling red B 
(Levinstein)] 

»> 

jS-Naphthol-S : 6-disulphonic acid 
R. 

Cloth red G (KaHe) 

Aminoazobenzenesulphonic 

acid 

Aminoazotoluenesulphonic 

acid 

^-Naphthol. 

„ scarlet R 
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Milling Orange {Daht)^ obtained from diazoazobenzenesulphonic 
acid and salicylic acid, dyes chromed wool orange-red. If.ls a powder 
which is soluble in water. Hydrochloric acid and sodium hydroxide 
produce respectively a greyish yellow and a dark red precipitate; 
concentrated sulphuric acid give^ a violet solution. 

Azo Blacks. — Products are brought on the market under this name 
which are obtained by the action of diazotised amin&^zonaphthalene- 
sulphonic acids (or aminonaphthaleneazobenzenesulphonic acids, etc.) 
on naphtholsulphonic acids, naphthylaminesulphonic acids, phenyl-a- 
naphthylamine, etc. They are employed extensively in wool dyeing. 
The aminoazosulphonic acids here considered are prepared by coupling 
diazotised aminosulphonic acids (/S-naphthylamine-S-sulphonic acid, 
/3-naphthylamine-6 : 8-disulphonic acid G, etc.) and a-naphthylamine (or 
aminonaphthyl ethers). Such products are derivatives, therefore, of 
aminoazonaphthalene and its analogues ; they are disazo dyes con- 
taining naphthylamine in the “ middle ” position. 

Such dyes are : — 


Trade name. 

From diazotised 

Coupled with 

The product is diazotised 
and coupled with 

Naphthol black B 
(Cassella) 
Naphthol black 6B 
(Cassella) 

Azo black 0 
(M. L. Br) 
Naphthylamine 
black D (Cassella) 
Blue black B 
(B.A.S.F.) 

Jet black (Bayer) 

Diamond black 
(Bayer) 

Victoria black B 
(Bayer) 

Anthracite black B 
(Cassella) 
Sulphoncyanines 

Biebrich patent 
black BO (Kalle) 

Biebrich patent 
black 4AN (Kalle) 
Anthracene acid 
black (Cassella) 
Naphthalene acid 
black (Bayer) 
Wool black 

/3-Naphthylamine-3 : 6-di- 
sulphonic acid G 

a-Naphthylaminedisulphonic 

acid 

^-Naphthylaminemono- (or 
di-) sulphonic acid 

a-N aphthylaminedisulphonic 
acid 

jS-Naphthylamine-S-sulphonic 

acid 

Aminobenzenedisulphonic 

acid 

Aminosalicylic acid 

Sulphanilic acid 

a-Naphthylamine-3 : 6- 
disulphonic acid 
Metanilic acid 

a-Naphthylaminedisulphonic 

acid 

Naphthionic acid 

• 

Aminosalicyclic acid 

Metanilic acid 

Aminoazobenzenesulphonic 

acid 

a-N aphthylamine 

>) 

It 

tt 

\ 

tt 

tt 

a-naphthylamine 
sulphonic acids 
(1:6 and 1:7) 

1) 

i 

/-Tolyl-^-naph- 

thylamine 

jS-N aphthold isul- 
phonic acid R. 
j3-Naphtholdisul- 
phonic acid R. 
/3-Naphtholdisul- 
phonic acid R. 
a-Naphthylamine. 

jS-Naphtholdisul- 
phonic acid R. 
Phenyl-a-naphthyl- 
amine. 

o-Naphthol-4-sul- 
phonic acid NW. 
Dihydroxynaphthal- 
enesulphonic acid S. 
Diphenyl-;w-phenyl- 
enediamine. 
Phenyl- and tolyl-1- 
n aphthylamine- 8- 
sulphonic acids, 

/3-N aphthold i sul- 
phonic acid R. 

a-N aphthy lami ne . 

jS-Naphtholdisul- 
phonic acid R. 
a-Naphthylamine 


Probably this class should also include the fol]owing dyes, the 
compositions of which must be very nearly allied to the preceding. 
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Patent Black (B.A.S.F,) is an acid dye, recommended as a 
substitute logwood. 

Chrome Intent Blacks TG, TB, T, TR (Ka//e) are wool dyes, 
which are employed in an acid bath, the fabric being subsequently 
treated with 1-5 per cent potassium bi(?hromate. 

Diaminogen Black {Casselld) is prepared from diazotised acetyl- 1 : 4- 
naphthylenediaMne-7-sulphonic acid and a-naphthylamine, the pro- 
duct being diazotised, coupled with 8-amino-*/3-naphthoh6-sulphonic acid 
G, and subsequently hydrolysed. 

Diaminogen Blue BB (Substitute for Indigo) is prepared dike 
the preceding dye, but contains /3-naphthol-6-sulphonic acid instead 
of aminonaphtholsulphonic acid G. 

Diaminogen Blue G contains jS-naphthol-3 : 6-disuIphonic acid as 
the final component 

Azo Acid Black TL extra {M, L, Br.) ^ is a reddish brown powder 
which dissolves in water with a blackish violet colour. Hydrochloric 
acid produces an orange-red precipitate in the aqueous solution. 
Sodium hydroxide changes the colour of the solution to brownish 
violet Stannous chloride and hydrochloric acid reduce it The dye 
dissolves in concentrated sulphuric acid with a yellowish red colour 
which becomes yellowish brown on dilution with water. The dye is 
sparingly soluble in alcohol. 

It consists of a mixture of a blackish blue, a green, a violet-blue, 
and an orange dye. Wool is dyed black from an acid bath containing 
, sodium sulphate. 

Wool Black N4B {Bayer)"^ is a black powder which dissolves 
in cold water with a blackish violet colour, and consists of a mixture of 
a reddish black and a greenish blue dye. The solution deposits a 
bluish black precipitate on adding hydrochloric acid, and is turned blue 
by sodium hydroxide. The dye gives a greenish black solution in 
concentrated sulphuric acid, from which a blackish blue precipitate is 
produced on the addition of water. From a bath containing sodium 
sulphate and acetic acid wool is dyed in bluish black shades similar to 
those obtained with logwood. The colours can be discharged by 
stannous chloride and by zinc dust. 

Nerol Blacks B and BB {Akt, Gesy)f prepared from /-aminodi- 
phenylaminesulphonic acid, a-naphthylamine (in middle position) and 
a-naphthol-4-sulphonic acid and jS-naphthol-3 : 6-disulphonic acid 
respectively, are blackish blue powders, which dissolve in warm 
water with a violet-black (B) or a bluish violet-black colour. Hydro- 
chloric acid produces in the solutions a bluish black precipitate, and 
sodium hydroxide a violet-black precipitate. Greenish blue solutions 

1 Rev, Gen.^Mat. Co/., 1899, 3 » ^ 1899, 3, 125. 

3 Idid,y 1899, 3, 319. 


DISAZO DYES 


969 


are formed in concentrated sulphuric acid, which become reddish blue 
on dilution with water and finally blackish blue. 

Both brands contain an admixture of a reddisji brown dye. 
They are used for dyeing wool, and are applied in' the presence 
of sodium sulphate and acetic •acid. The colours are very fast to 
washing. 

Wool Black {Man. nier, Delft)^ is a dye analogous to naphthol 
black, and contains H-acid ^s the third component. It dyes wool best 
from a bath containing acetic acid. 

It is a violet-black powder which .dissolves very easily in cold water 
with a blackish violet colour. Hydrochloric acid and sodium hydroxide 
produce violet-black precipitates in the aqueous solutions. Concentrated 
sulphuric acid gives a greenish black solution. 

Union Blacks B and R (Bayer)'^ are brownish black powders which 
dissolve in water with bluish black colours. Sodium hydroxide pro- 
duces a blackish blue, and hydrochloric acid a bluish black or blackish 
violet precipitate. The dyes give blue solutions in concentrated 
sulphuric acid. 

Union goods are dyed suitably in a neutral bath containing sodium 
sulphate. The brand B gives a deep black; brand R a reddish 
black. 

Diamond Black 2B {Bayer)^ appears to be a mixture of a violet- 
black and a bluish green dye. It is a black powder which dissolves 
easily in water with a dark blue colour. The aqueous solution is 
unchanged by sodium hydroxide, whilst hydrochloric acid produces a ' 
dark blue precipitate. The dye dissolves in concentrated sulphuric 
acid with a greenish blue-black colour; on dilution a bluish black 
precipitate is formed. 

Wool is dyed bluish black in the presence of sodium sulphate, acetic 
acid, and a little potassium bichromate. i 

Dianil Black HW {M, L. Br.)^ is specially intended for the dyeing 
of mixed fabrics. Half-wool is dyed by a short immersion in a bath 
at 90 — 100° containing 20 to 30 per cent, of sodium sulphate; half- 
silk is dyed in a bath containing soap, sodium carbonate, and sodium 
chloride. 

The dye is a bluish grey powder which dissolves in cold water with | 
a bluish black colour. The solution is turned blackish violet by sodium 
hydroxide; hydrochloric acid produces a blackish blue precipitate. ; 
Concentrated sulphuric acid produces a greenish black solution which I 
becomes blue on dilution with water and finally deposits a blackish blue 
precipitate. 

1 Rev * Gen . Mat . Col .^ 1900, 4, 9. 

2 Idtd ., 1899, 3, 248, 


3 1900, 4, 129. 

4 / 5 id ., 1900, 4^94. 



970 


ORGANIC DYES 


Copper Blue B {M. L, dyes wool in reddish blue shades in the 
presence of copper sulphate, according to a special process. 

It is a brown powder which dissolves in water with a violet-blue 
colour. The colour of the solution is changed to yellowish red by 
hydrochloric acid ; sodium hydroxide produces a bluish red precipitate. 
The violet solution in concentrated sulphuric acid remains violet at 
first after the addition of water, then becomes yellowish red, and finally 
bluish red. « 

Copper Black S (Af. L. Br.) ^ is copper blue B shaded with a yellow 
dye. 

Tolylene Black G, Union Blacks B and T (OeMer), Palatine Black 

4B (B.AS.F.)j Wool Black 6B (Akt, Ges.),^ are prepared by first coupling 
diazotised a-naphthylamine with i -amino- 8-naphthol-4-suIphonic acid 
in alkaline solution and then combining diazotised sulphanilic acid with 
the product in acid solution. 

The Janus dyes (M. L, Bk) constitute a group of strongly basic azo 
dyes which are characterised by a pronounced affinity for either animal 
or vegetable fabrics; on this account they are eminently adapted for 
dyeing half-woollen yarns and tissues in one bath, best in the presence 
of sodium sulphate and sulphuric acid. They can also be fixed on 
vegetable fabrics by means of tannin and antimony in the form of lakes 
which are very fast to soap and to boiling. Moreover they can be dyed 
on unmordanted cotton, and subsequently be converted into the fast 
tannin-antimony lakes by treatment in a bath containing tannin, 
antimony salt, and acid. 

The yellow, red, and brown dyes are produced from diazo derivatives 
of aminophenylammonium and aminobenzylamine compounds, whilst 
the blue and the green dyes are azo derivatives of various safranines 
(related to indoine, see p. 1032). They are brought on the market under 
the following names : — 

Janus Yellow R; Janus Brown R (;;^-aminophenyltrimethyl- 
ammonium + ^2-toluidine + chrysoidine) and B ; Janus Red B (;;^- 
aminophenyltrimethylammonium + ?;2-toluidine + /9-naphthol) ; Janus 
Bordeaux B; Janus Grey B (from diazosafranine and phenol) is 
identical with Diazine Black [Kalle]; Janus Blue R (from diazo- 
safranine and /3-naphthol) and G; Janus Dark Blue B and R; Janus 
Green B and G (from diazosafranine ^and dimethylaniline) is identical 
with Diazine Green [Kalle]. 

7. Tetrazo Dyes from Benzidine and its Analogues, 

In the course of the last twenty-five years numerous azo dyes, 
possessing the 'property of dyeing unmordanted cotton, have been 

1 /?ev. Gen, Mat Col, 1900, 4, 94. 2 1900, 4, 94. 

® Jakobi, Chem, ZeiU, 1900, 24, 493. 
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prepared from benzidine and homologues or analogous bases. The 
colours are mostly very fast to soap ; many are not so fast to light, 
whilst others are considerably changed by acids. 

Chrysamin G is obtained by coupling tetrazodiphenyl-with salicylic 
acid (2 mol.) and occurs as a yeltowish brown powder or as a paste. It 
is very sparingly soluble in w’^ater. Hydrochloric acid produces a 
brown precipitate in the aqueous solution, whilst sodium hydroxide 
develops a reddish brown coloration. The reddish violet solution 
in sulphuric acid gives a brown precipitate on dilution with 
water. 

Cotton is dyed yellow in the presence of 10 per cent, sodium 
phosphate and 2-5 per cent, soap solutions. 

Chrysophenin is prepared by ethylating Brilliant Yellow. It is an 
orange-yellow powder which is sparingly soluble in cold water, but 
dissolves easily in hot water with a reddish yellow colour. A brown 
precipitate is produced in the aqueous solution by hydrochloric acid. 
Sodium hydroxide changes the colour of the solution to^yellow and 
precipitates orange flocks. Concentrated sulphuric acid gives a reddish 
violet solution, from which a blue flocculent precipitate is obtained on 
dilution with water. 

Cotton is dyed in a bath of sodium chloride or soap. Wool can be 
dyed in an alkaline or an acid bath. 

Pyramine Orange 3G prepared from i mol. of benzidine 

and I mol. each of nitro-;i»2-phenylenediamine and ;;2-phenylenediamine- 
disulphonic acid, is an orange-brown powder which is sparingly soluble 
in cold water, but dissolves in warm water with an orange-yellow 
colour. The solution gives an orange-yellow precipitate with sodium 
hydroxide and a brown precipitate with hydrochloric acid. Concen- 
trated sulphuric acid produces a brownish yellow solution, from which 
on the addition of water a bluish red precipitate, finally becoming 
yellowish brown, is obtained. 

The dye is applied in the presence of sodium sulphate and sodium 
carbonate, and is used specially for dyeing cotton, but can also be used 
for wool, silk, half-wool, and half-silk. The colours are yellower than 
those produced by other brands of pyramine orange. 

Other products, which directly dye cotton yellow or brown, 
are : — 

Diamine Yellow A; Diamine Fast Yellow B; (prepared by 
the action of hypochlorites on sodium dehydrothiotoluidinesulphonate 
or on the latter together with primuline) Diamine Orange G and B ; 
Cotton Brown A, N, 3G ; Diazo Brown ; and those^ given in the 
following table : — 


^ Rev, Gen, Mat, Co/.^ 1899, 3, 250. 
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Trade namt£. 

Produced by diazotising 

And coupling with 

Chrysamin R . . 

Tolidine 

2 mol. salicylic acid. 

Cresotin yellow G . 

Benzidine 

2 „ cresotic acid. 

„ yellow R . 

Tolidine c 

^ ” 1 ” -mi 

Diamine yellow N • 

Ethoxy benzidine 

1 ,, salicylic acid\ Ethylated 

1 „ phenol J after coupling. 

Benzo orange . ^ 

Benzidine 

1 „ salicylic acid. 

1 „ naphthionic acid. 

Tolylene orange G . 

Tolidine 

1 cresotic acid. 

1 „ zw-tolylenediaminesul phonic acid. 

„ orange R . 

„ orange RR. 

j) 

wz-T olylenediaminesu]Lphonic 
acid 

zw-Tolylenediaminesulphonic 

acid 

2 )) )) 

2 „ /3-naphthyl amine. 

Columbia yellow \ 
Tolylene yellow j 

2 „ nitro-:w-phenylenediamine. 

Pyramine orange R . 

Benzidinedisulphonic acid 

2 jj n ^ it 

Alkali yellow R 

Benzidine 

1 „ salicylic acid. 

1 „ dehydrothio-^-toluidinesulphonic 
acid. 

Carbazole yellow 

Diamin ocarbazole 

2 „ salicylic acid. 

Brilliant yellow 

Diaminostilbenedisulphonic 

acid 

2 „ phenol. 

Hessian yellov^ 

Diaminostilbenedisulphonic 

acid 

2 „ salicylic acid. 

Diamine gold . 

1 : 5-Naphthylenediamine- 
3 : 7-disulphonic acid 

2 „ phenol (ethylated after coupling). 

Cotton yellow G 

/-Aminoacetanilide 

Salicylic acid (hydrolysed after coupling 
and then treated with phosgene.) 

Cloth orange , 

Benzidine 

1 mol. salicylic acid. 

1 „ resorcinol. 

,, brown R 

j> 

1 „ salicylic acid. 

1 „ a-naphtholsulphonic acid NW. 

„ brown G 

j> 

1 „ salicylic acid. 

1 „ 2 : 7-dihydroxynaphthalene. 

Diamine brown V . 

)) 

1 „ aminonaphtholsulphonic acid G 

(alkaline). 

1 „ ?«-phenylenediamine. 

,, brown M . 


1 ,, salicylic acid. 

1 „ aminonaphtholsulphonic acid G. 

„ brown B 


1 „ salicylic acid, 

1 „ phenylaminonaphtholsul phonic 
acid G. 


Congo Red is produced from i mol. of benzidine and 2 mol of 
naphthionic acid. The free sulphonic acid has a brown colour, whilst 
its salts are red. The commercial product is a reddish brown powder 
which dissolves in water with a reddish brown colour. The solution 
gives a blue precipitate with hydrochloric acid, and a bluish violet 
precipitate with dilute acetic acid. -Sodium hydroxide produces a red 
precipitate which is soluble in water. Concentrated sulphuric acid 
produces a blue solution. Cotton is dyed red in a bath containing soap 
and sodium chloride or sulphate. The red colour is changed to blue 
even by dilute acids. This blue is extremely sensitive to alkalis, 
prolonged washing, even with water, being sufficient to restore the red 
colour. The blue colour is also changed to red by aniline (application 
of Congo Red in the titration of aniline, p. 853). 
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Benzopurpurine 4B is obtained from i mol. ?)f tolidine and 2 mol. 
of naphthionic acid. It resembles Congo red, but is less sensitive to 
acids. It is a brown powder which dissolves in water^\vith a brownish 
red colour. In other respects it behaves like the preceding 'dye. 

Deltapurpurine 5B is prepared from i mol. of tolidine and i mol. 
each of /3-naphthylamine-6-sulphonic acid, and /3-naphthylamine-7- 
sulphonic acid. It is also less sensitive than Congo re&to acids. 

Diamine Red loB {Cecsselhi)'^ dyes cotton crimson-red in the 
presence of 2 per cent, sodium carbonate and 20 per cent, sodium 
sulphate. It is coloured blackish blue by concentrated sulphuric acid, 
olive-green by hydrochloric acid, and is not changed by sodium 
hydroKide. 

Anthracene Red is obtained by coupling ^7-nitrotetrazodiphenyl with 
I mol. each of salicylic acid and a-naphthol-4-sulphonic acid NW. The 
commercial product is a brownish red powder which is sparingly 
soluble in cold water, but dissolves more readily in hot water with a 
red colour. The aqueous solution is unchanged by sodium hydroxide, 
and gives a red flocculent precipitate with hydrochloric acid. The 
crimson-red solution in concentrated sulphuric acid deposits a brownish 
red precipitate on dilution with water. It is not suitable for dyeing 
cotton, but gives good results on unmordanted or chromed wool. 

Salicin Reds 2G, G, and B {Kalle )} — The first is a brown, the 
second a reddish brown, and the last a greenish black, powder. They 
dissolve even in cold water with yellowish red or bluish red colours. 
Hydrochloric acid produces in a concentrated solution a reddish brown^ 
precipitate which is redissolved on the addition of a large quantity of 
water. 

The three dyes, in the order given, produce yellowish brown, 
yellowish red, and bluish red solutions respectively in sodium hydroxide. 
Concentrated sulphuric acid produces cherry-red, or violet (B) solutions. 

They give yellowish red to bluish red shades on wool in the presence 
of 10 per cent, sodium sulphate and 2 per cent sulphuric acid. By 
subsequent treatment with i per cent, potassium bichromate or i per 
cent chromium fluoride (in the same bath), colours are obtained which 
are not so bright but are fast to milling. The brand B is prepared 
from nitrobenzidine and i mol. each of salicylic acid and ^-naphthol, 
the product being subsequently siilphonated.^ 

Rosophenin 4B {Clayton Aniline Co.), St Denis Red (Poirrier), 
Dianthin {Claus & Co.), are prepared from diaminoazoxytoluene and 2 
mol. of a-naphtholsulphonic acid NW. The commercial product is a 
red powder which is slightly soluble in alcohol and dissolves in water 

^ J. Soc. Dyers and Col., 1899, 15, Pattern sheet No. 43. 

2 Rev, Gen, Mat, Col., 1899, 3, 250, 

^ Chem. Zeit,, 1900, 24, 493. 
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with a red colour. Tlie aqueous solution gives a red precipitate with 
hydrochloric' acid, and a brick-red precipitate with sodium hydroxide. 
Concentrated sulphuric acid produces a red solution, from which the dye 
is obtained as a red precipitate on dilution with water. It dyes cotton 
less readily than do the benzidine dyes, and is applied in a bath 
containing sodium hydroxide. 


n 

Trade name. 

Produced by diazotising 

- And coupling with 

Diamine fast red F : 

Benzidine 

1 mol. salicylic acid. 

Azidine fast red F 

f) 

1 „ aminonaphtholsulphonic acid G.- 

Diamine scarlet B . 

11 

1 „ phenol. 

1 „ ^-naphtholdisulphonic acid G ^ethy- 

lated after coupling). 

Benzopurpurine B . 

Tolidine 

2 ,, jQ-naphthylamine-6-sul phonic acid 

(Bronner). 

Ben zopurp urine 6B . 


2 „ a-naphthylamine-5-suIphonicacid L. 

Diamine red B . 

n 

1 ,, /3-naphthylamine-7-sulphomcacid F. 

1 „ /3-naphthylamine-6-sulphonic acid 

Br. 

Diamine red 3R. 


2 „ j8-naphthylamine-7-sulphonic acid F. 

1 ,, ethyl-/3-naphthylamine-7-sulphonic 
acid F. 

1 ,, /3-naphthylamine-7-suIphonicacid F. 

Rosazurine G . 


Rosazurine B , 

1) 

2 ,, ethyl-/3-naphthylamine-7-sulphonic 
acid F. 

Brilliant purpurine R 

11 

1 „ /3-naphthylamine -3:6- disulphonic 
acid R. 

1 „ naphthionic acid. 

Congo 4R 

11 

^ 11 ji 

1 „ resorcinol. 

Brilliant Congo R . 

11 

1 „ j8-naphthylamine-3 : 6 - disulphonic 
acid R. 

1 ,, jS-naphthylamine- 6- sulphonic acid 
Br* 

Glycine red 

Benzidine 

1 ,, a-naphthylglycine. 

1 ,, naphthionic acid. 

Brilliant Congo G . 

11 

1 ,, /3-naphthylamine-3 ; 6 -disulphonic 
acid R. 

1 „ ^-naphthylamine-6-sulphonic acid 
Br. 

Hessian Bordeaux . 

Diaminostilbenedi- 
sulphonic acid 

2 ,, a-naphthyl amine. 

Hessian purple N . 

11 

2 „ jS-naphthylamine. 

Hessian brilliant 
purple 

11 

2 „ /3-naphthyIamine-6 -sulphonic acid 
Br. 

Hessian purple B 

11 

2 „ mixture of /5-naphthyIamine-6-sul- 
phonic acid Br and jS-naphthyl- 
amine-7-sulphonic acid F. 

Hessian purple D . 

11 

2 „ j5-naphthylamine-5-sul phonic acid 

D. 

Salmon red(B.A.S.F.) 

/-Aminoacetanilide 

•' Naphthionic acid (hydrolysed after coup- 
ling, and then treated with 
phosgene). 

T olylene red (Oehler ) , 
Dianol brilliant red, 
(Levinstein), Chi or- 
antine red (Soc. 
Chem. Ind. Basle ji 

Dicblorobenzidine * 

2 mol. j8-naphthyiamine-3 ; 6 - disulphonic 
acid. 


Diamine Bordeaux B and S belong .to the same group, and 
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probably also Benzo Red SG {Bayer^} which As a brownish black 
powder, soluble even in cold water, with a bluish red colour! 

The aqueous solution gives violet-red precipitates with sodium 
hydroxide and with hydrochloric acid. Concentrated sulphuric acid 
produces a violet-black solutionj from which the dye is precipitated on 
dilution in violet-brown flocks. It dyes cotton directly in bluish red 
shades (similar to the Gferanin colours), best in the p^Q-sence of sodium 
sulphate and soap. ^ 

Brown DSP (Poirrier) is related to rosophenin 4B. It dissolves 
in strongly alkaline, boiling water, and dyes cotton in the presence of 
20 per cent sodium carbonate and 20 per cent sodium chloride. 

Congo Corinth B is obtained by coupling tetrazoditolyl with 
I mol. each of naphthionic acid and a-naphtholsulphonic acid NW. 

The commercial product is a greenish black powder which dissolves 
in water with a magenta-red colour. The aqueous solution gives a 
violet precipitate with hydrochloric acid, and a cherry-red coloration 
with sodium hydroxide. The blue solution in concentrated sulphuric 
acid yields a violet precipitate on dilution with water. 

Cotton is dyed brownish violet 

Benzoazurin G results by the combination of diazotised dianisidine 
with 2 mol. of a-naphtholsulphonic acid NW. The commercial product 
is a bluish black powder which dissolves in water with a bluish violet 
colour. The aqueous solution gives a violet precipitate with hydro- 
chloric acid, and a red coloration with sodium hydroxide. A blue 
solution is produced in concentrated sulphuric acid, from which a 
precipitate is obtained on dilution with water. Cotton is dyed blue.' 
The colour becomes reddish on warming and blue again on cooling. 

Diamine Blue 3R is produced from ethoxybenzidine and 2 mol. of 
naphtholsulphonic acid NW. The commercial product is a black 
powder which dissolves easily in hot water, but is sparingly soluble in 
alcohol. The aqueous solution is unchanged by hydrochloric acid, but 
is coloured reddish violet by sodium* hydroxide. Concentrated sulphuric 
, acid produces a dark blue solution, from which a violet precipitate is 
obtained on dilution with water. Unmordanted cotton is dyed 
reddish blue. 

Diamine Sky Blue, Chlorazol Blue 6G {Holliday) (Benzo Sky Blue) 
is obtained by coupling diazotised dianisidine with 2 mol. of amino- 
naphtholdisulphonic acid H in afkaline solution. It is a bluish black 
powder, which is insoluble in alcohol, and dissolves in water with a blue 
colour. The aqueous solution is darkened and becomes redder by 
treatment with sodium hydroxide. Hydrochloric acid is without action. 
Concentrated sulphuric acid dissolves the dye with a bluish green 
colour. Unmordanted cotton is dyed sky blue. 

^ Rev. Gen. Mat. Cot., 1900, 4, 129. 
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Analogous dyes ^re Diamine Blue RW, BG; Diamine New Blue 
R and G;’ the Chicago Blues; Chicago Grey; Diazo Blue; and 
Columbia Blue G and R. 

Also the foFowing : — 

Trisulphone Violet B {Sandoz) is^^prepared from diazotised benzi- 
dine and I mol. of a-naphtholtrisulphonic acid and i mol. of /S-naphthol. 
It is a dark powder with a bronze lustre, which dissolves easily in water 
with a violet colour. The solution gives a bluish violet precipitate 
with hydrochloric acid, and a violet-red coloration with sodium 
hydroxide. Concentrated sulphuric acid produces a greenish blue 
solution, which yields a violet precipitate on dilution. 

Unmordanted cotton is dyed a beautiful, clear violet in a neutral 
or faintly alkaline bath containing 30 per cent, sodium chloride; the 
bath is only partly exhausted Much deeper colours are produced, 
however, by the addition of 2 per cent alum. 

From an acetic acid bath, wool is dyed in shades rather redder than 
those produced on cotton ; also in the case of half-wool materials in 
a neutral bath, the wool is dyed more intensely and redder than the 
cotton. 

Trisulphone Blue R {Sandoz) is prepared as the preceding dye, 
but using tolidine instead of benzidine. It is a dark powder with a 
bronze lustre, which dissolves easily in water with a bluish violet colour. 
The solution is turned reddish violet by sodium hydroxide. The 
greenish blue solution in concentrated sulphuric acid gives a violet 
precipitate on dilution. The dye is employed like trisulphone violet 
B, and dyes unmordanted cotton a fine reddish blue with a brownish 
shade. In mixed fabrics in a neutral bath the wool or the silk is dyed 
redder and more intensely than the cotton, just as is the case with 
trisulphone violet B. 

Trisulphone Blue B, prepared as above, but with dianisidine, is a 
bluish grey powder, which dissolves easily in water with a sky-blue 
colour. The aqueous solution gives a blue precipitate with hydro- 
chloric acid. Sodium hydroxide develops a reddish violet colour. 
Concentrated sulphuric acid produces a greenish blue solution, which 
gives a bluish violet precipitate on dilution. 

The process of dyeing resembles that of trisulphone violet B; a 
bright blue is produced, the shade of which is intermediate between 
those of diamine blue 2B and 3B. Trisulphone blue B is very well 
adapted for dyeing mixed fabrics, since from a neutral or faintly alkaline 
bath, half wool and half silk are dyed nearly uniformly (the animal 
fibres are dyed a trifle stronger and redder). 

The dye, Hke trisulphone blue R and trisulphone violet B, is 
affected by copper, which greatly reddens the shade. Treatment with 
I to 2 per cent, potassium bichromate in a cold bath scarcely affects the 
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shade of the three dyes and renders the'- colours^ distinctly faster to 
light and to washing. • 

Diamine Black RO {Cassella) is obtained by coupling i mol. of 
tetrazodiphenyl with 2 mol. of aminonaphtholsulpho/iic acid G in 
alkaline solution. The commercial product is a black powder which 
dissolves in water with a violet-black colour, but is sparingly soluble in 
alcohol. The aqueous solution develops a violet coloration with sodium 
hydroxide and gives a blue precipitate with hydroc&oric acid. Con- 
centrated sulphuric acid produces a blue solution which gives a reddish 
blue precipitate on dilution with water. 

Unmordanted cotton is dyed a greyish blue. After diazotising and 
developing with suitable developers, such as ^-naphthol or resorcinol, 
a deep black is produced. 

Diamine Black BH is obtained from i mol, of benzidine and i mol. 
each of aminonaphtholsulphonic acid G and aminonaphtholdisulphonic 
acid H. 


Trade name. 

Produced by diazotising 

And coupling witH 

Azo violet 

Dianisidine 

1 mol. naphthionic acid. 

1 ,, a-naphtholsulphonic acid NW, 

Rosazurine B 

Tolidine 

2 „ ethyl-jS-naphthylamine- 8 -sulphonic 
acid. 

Congo Corinth G . 

Benzidine 

1 „ naphthionic acid. 

1 „ a-naphtholsulphonic acid NW. 

Heliotrope 2B 

>» 

1 „ /3-naphthol-8-sulphonic acid B. 

1 „ a-naphthol - 4 : 8 - disulphonic acid 

Sch. 

Benzo violet . 


1 „ a-naphtholsulphonic acid NW. 

Diamine violet N . 


1 „ a-naphthol-3 : 6-disulphonic acid. 


2 ,, aminonaphtholsulphonic acid G (in 
acid solution). 

Oxamine violet 

>> 

2 „ 2-amino-5-naphthoI-7-sulphonicacid 
(in alkaline solution). 

Hessian violet 

Diaminostilbenedi- 

1 „ a-naphthylamine. 

Diamine blue BB . 

sulphonic acid 

1 ,, jS-naphthol. 

Benzidine 

2 ,, aminonaphtholdisulphonic acid H 
(in alkaline solution). 

Azo blue 

Diamine blue BX . 

Tolidine 

jj 

2 „ a-naphtholsulphonic acid NW, 

1 jj , 1) 

1 aminonaphtholdisulphonic acid H 

(in alkaline solution). 

Diamine blue 3B . 

ii 

2 „ aminonaphtholdisulphonic acid H 
(in alkaline solution). 

Oxamine blue 3R , 

17 

j 1 „ a-naphtholsulphonic acid NW. 

1 „ 2-amino - 5 - naphthol - 7 - sulphonic 
[ acid (in alkaline solution). 

Benzoazurin 3G . 

Dianisidine • 

[ 2 „ a-naphthol-5-sulphonic acid. 

Brilliant azurin 6G 

” 

2 „ dihydroxynaphthalenesulphonic 
acid S. 

Direct blue B 

11 

1 ,, a-naphtholsulphonic acid NW. 

1 ,, dihydroxynaphthalenesulphonic 
acid. 

1 „ /3-nap hthol-3 : 7-ciisulphonic acid d. 

1 ,, a-naphtholsulphonic acid NW. 

Diamine blue B 

Ethoxybenzidine 


[ Qonlinmd on next page 
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Trade name. 

Naphthyl blue 2 B . 

Direct grey R 

Azo black blue 

Azo mauve B . 

Direct blue R 

Azidine wool blue R 
(C. Jiiger) 

Direct grey B 

Diamine blue black E . 

Diamine black BO 
Violet black . 


Nyanza black B . 


Diazo black B 
„ brilliant black B . 

Diazurine 

Diamine sky blue FF . 

Chicago blue 6 B, bril- 
liant benzo blue 6 B, 
diamine brilliant blue 
G. chlorazol sky blue 
FF 

Chlorazol blue (Holli- 
day) 

Diamine deep black 


Produced by diazotising 


Aud coupling with 


Benz idinedicarboxy lie 
acid 

Benzidine 

Tolidine 


>> 






C 


)> 

Ethoxy benzidine 


1) 

/J-Aminoacetanilide 




Benzidine 

Tolidine 

Dianisidine 

n 




2 mol. Benzoyl-l-amino-S-naphthol-S-sul- 
phonic acid. 

2 „ dihydroxynaphthalenesulphonic 
acid. 

1 , , m-hydroxydiphenylamine. 

1 ,, an>inonaphthoIdisulphonic acid H. 

1 ,, a-naphthylamine. 

1 „ arainonaphtholdisul phonic acid H 

* (in alkaline solution). 

1 „ (x-naphtholsulphonic acid NW. 

1 „ dihydroxynaphthalenesulphonic 
acid. 

1 „ /S-naphthol- 8 -su]phonic acid. 

1 „ 8-amino-a-naphthol-5-sulphonicacid. 

2 ,, dihydroxynaphthalenesulphonic 

acid. 

1 „ j8-naphthol-3 : 7-disulphonic acid 5. 

1 ,, aminonaphtholsulphonic acid G (in 

alkaline solution). 

2 „ aminonaphtholsulphonic acid G (in 

alkaline solution). 

1 „ a - naphtholsulphonic acid NW 
(the acetyl group eliminated, the 
intermediate product diazotised, 
and coupled with 1 mol. a-naph- 
thylamine). 

1 „ a-naphthylamine (saponification of 

the acetyl group, diazotisation of 
the intermediate product, and 
combination with 1 mol. of amino- 
naphtholsul phonic acid G). 

2 „ a-naphthylamine-5-sulphonicacidL. 

^ 5» ’J 

2 „ 1^' 8-aminonaphthol-2:4-disulphonic 
acid. 

2 „ 1 : 8-chloronaphthol-3 : 6 -disul- 
phonic acid. 


>7 

Di^-aminodiphenyl- 

amine 


2 „ chloro - a - naphthol - 4 (or 5) - sul- 
phonic acid. 

1 „ aminonaphtholsulphonic add G and 
1 mol. wz-tolylenediamine. 


With the foregoing are to be included Diamine Black Blue B ; 
Oxydiamine Deep Black N, NR, SOOO ; Diazo Blue Black RS ; 
Direct Deep Black R, T ; Direct Blue Black B ; Pluto Black (Bayer) ; 
Tabora Black ; Zambesi Black BR. 

Zambesi Indigo Blue R (AAl Ges,)'^ is a dark violet powder which 
dissolves in water with a violet-black colour. The aqueous solution 
gives a blue precipitate with hydrochloric acid, and a blackish violet 
precipitate with sodium hydroxide. Concentrated sulphuric acid 
produces a greenish blue solution from which a blue precipitate of the 
dye is obtained on dilution with water. 


^ Gen. Mat, CoL^ IQOO, 4 , 64 . 
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It dyes cotton directly, and when diazotised on the fibre and 
developed with /3-naphthol gives a rather reddish deep blue colour 
which is fast to washing, acid, and alkali. , 

Rosanthrens O, R, A, B, CB {Soc, Chem, Ind.^ Basle) produce shades 
similar to Turkey Red and very fast to washing and acid. They are 
dyed in a bath of sodium*sulphate, sodium carbonate, and soap, and are 
diazotised, and then developed with |S-naphthol. lliey are prepared 
by coupling diazo compouhds with ;; 2 -aminobenzoylaminonaphthol- 
sulphonic acids. 

Sulphone Azurine is obtained fmm benzidinesulphonedisulphonic 
acid and 2 mol. of phenyl-/3-naphthylamine. The commercial product 
is a greyish blue powder which dissolves in water and alcohol with blue 
colours. The aqueous solution gives a blue precipitate with hydro- 
chloric acid and also with sodium hydroxide. Concentrated sulphuric 
acid dissolves the dye, forming a violet solution from which blackish 
violet flocks separate on dilution with water. 

It is better suited for the dyeing of wool (with sodium sulphate and 
sodium acetate) than of cotton. Closely related to it are Brilliant 
Sulphone Azurine, Sulphone Brown, and probably also the following dye. 

Sulphone Acid Blue B {Bayer) ^ is a blue powder which dissolves in 
water with a violet-blue colour, and in alcohol with a blue colour. The 
colour of the aqueous solution is changed to greenish blue by hydro- 
chloric acid, and to red by sodium hydroxide. Concentrated sulphuric 
acid produces a blue solution which becomes greenish blue on dilution. 

Wool is dyed in a bath .containing sodium sulphate and acetic acid. 

8, Polyazo Dyes. 

Benzo Black Blue G {Bayer) is prepared from i mol. of benzidine- 
disulphonic acid, i mol. of a-naphtholsulphonic acid NW, and i mol. 
of a-naphthylamine ; the resulting intermediate product is again 
diazotised and coupled with another molecule of a-naphtholsulphonic 
acid N W. The commercial product is a black powder which is insoluble 
in alcohol but dissolves in water with a bluish black colour. The 
aqueous solution gives a blackish blue precipitate with hydrochloric 
acid and is coloured blue by sodium hydroxide. Concentrated sulphuric 
acid produces a blackish green solution, from which a precipitate is 
obtained on dilution. ^ 

Cotton is dyed blackish blue. 

Benzo Black Blue R is derived from tolidine, and is similar to the 
preceding dye. 

Benzo Black Blue SG (Bayer) is 

C -Naphthylamine + Dihydroxynaphtha- 
lenedisulphonic acid S, 
Dihydroxynaphthalen«disulphonic acid S. 
^ Gen, Mat CoU^ 1898, 2, 26, 

3 Q 


II 
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Direct Black ’VX'Sandoz) is 

yAminonaphtholsulphonic acid G, 

Benzidine<^ 

\2-Amino-8-11aphthol-3 : 6-disulphonic acid + a-Naphthylamine. 

The commercial product is a greyish black powder which dissolves in 
water with a violet-black colour. The solution gives a bluish black 
precipitate witli' hydrochloric acid and is coloured reddish violet by 
sodium hydroxide. Concentrated sulphuric acid produces a blue 
solution from which a bluish black precipitate is obtained on dilution. 

Unmordanted cotton is dyed in mauve-green to blackish violet 
shades in a neutral or faintly alkaline boiling bath containing 1 5 per 
cent, sodium chloride or anhydrous sodium sulphate. Also by 
diazotisation on the fibre and coupling with /3-naphthol a dark navy 
blue is produced, or a bluish black by coupling with a diamine. 

Chloramine Black N {Sandoz) is a dark powder with a bronze 
lustre. The deep bluish green aqueous solution gives a blue precipitate 
with hydi'ochloric acid, and a bluish green precipitate with sodium 
hydroxide. Concentrated sulphuric acid produces a blue solution from 
which a blue precipitate is obtained on dilution. 

Unmordanted cotton and also half-wool and half-silk are dyed, in 
pale shades, grey, in 5 to 6 per cent, greenish black. 

Benzo Grey (Bayer) is 

^Salicylic acid, 

Benzidine<^ 

M-Naphthylamine4'0t-Naphtholsulphonic acid NW. 

Cotton is dyed grey. The dye is a greenish black powder which 
dissolves in water with a reddish brown colour. The solution is 
not changed by sodium hydroxide ; hydrochloric acid produces a black 
precipitate. Concentrated sulphuric acid produces a blue solution from 
which the dye is precipitated in black flocks on dilution with water. 

Benzo Indigo Blue (Bayer) is 

yDihydroxynaphthalenesulphonic acid S, 

Tolidine<(^ 

^a-Naphthylamine + Dihydroxynaphthalenesulphonic acid S. 
It is a grey powder which dissolves easily in water with a violet colour. 
The aqueous solution is turned reddish violet by sodium hydroxide, 
and gives a bluish violet precipitate with hydrochloric acid. Concen- 
trated sulphuric acid produces a greyish blue solution from which a 
violet-blue flocculent precipitate is obtained on dilution. 

Cotton is dyed indigo blue. 

To this ^class also belong Benzo Navy Blue, Benzocyanin, and 
Congo Fast Blue. 

Toledo Blue V (Leonhardt) ^ also probably belongs to this group. 

^ Rev, Gm, Mat, Col^ 1898, 2, 419. 
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It is a greyish blue powder which easily dissolves ?n cold water with a 
blue colour. The aqueous solution is unchanged by sodium hydroxide, 
and gives a blue precipitate with hydrochloric acid. A greenish black 
solution is produced in concentrated sulphuric acid which on the 
addition of water assumes a violet-red and then a red colour, and 
finally deposits a dirty grey precipitate. 

It dyes cotton directly when sodium sulphate and .^cdium carbonate 
or soap are added to the bat^. 

Acetylene Blue 6B, 3B, BX, and 3R (Soc, Chem. Ind,, Basle) ^ dye 
cotton directly in a neutral bath in the presence of sodium sulphate. 
They dissolve in cold water with blue or violet colours. The aqueous 
solutions give blue or reddish blue (3R) precipitates with hydrochloric 
acid. Sodium hydroxide is without action on 6B, and colours a solution 
of 3B reddish, of BX reddish blue, and of 3R red. In concentrated 
sulphuric acid 6B produces greenish blue, 3B bluish green, BX and 3R 
blue, solutions. 

Indigen Blue BB, B, and R {Soc, Clmn. Ind.^ Basle) ^ are -constituted 
on the type 

yAminonaphtholsulphonic acid + Aminocresol, 
/-Diamine<(^ 

^Naphtholsulphonic acid, 

and resemble the diaminogen dyes in their behaviour. They are 
employed in a boiling bath with sodium chloride or sodium sulphate 
and a little soap or sodium carbonate. The direct colours are dull 
and of no value. Greenish blue to reddish blue shades are produced, 
however, by diazotising and coupling with /3-naphthol. 

Direct Indone Blue R {Sanded) is 

yAminonaphtholdisulphonic acid H, 

Benzidine<^ 

^2-Amino-8“naphthol-3 : 6-disulphonic acid + a-Naphthylamine. 

It is a bluish black powder which gives a bluish black solution in water. 
Hydrochloric acid produces a dark blue precipitate. Sodium hydroxide 
produces a violet solution. The blue solution in concentrated sulphuric 
acid yields a dark blue precipitate on dilution. 

In a boiling bath containing 2 per cent, sodium carbonate, and 15 
per cent, sodium sulphate or sodium chloride, unmordanted cotton is 
dyed in greyish blue to indigo blue colours which are very fast to 
washing and to light ; the colours are rather redder than those pro- 
duced by diamine black BH, and, like the latter, can be diazotised on 
the fibre and combined with phenols and amines, whereby dark blues 
and blacks are produced which are very fast to light and'^ quite fast to 
washing. 


^ Rev, Geji. Mat, Col,^ 1899 , 3 , 249 . 


' l^99i 3. 249- 
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Meloggi Blue 3H iSandoz) is 

//-Xylidine + Aminonaphtholdisulphonic acid H, 

onic acid H. 

It is a bluish black powder which dissolves in water with a bluish 
violet colour. Hydrochloric acid produces ^ violet precipitate in the 
solution. Sodiam hydroxide changes the colour of the solution to 
violet. 

The blue solution in concentrated sulphuric acid gives a bluish 
violet precipitate on dilution. 

In a neutral or faintly alkaline bath with the addition of 20 to 30 
per cent, sodium chloride or sodium sulphate, melogen blue BH 
dyes unmordanted cotton an indigo-blue of a rather greener shade 
than that produced by diamine black BH. These direct colours can 
be diazotised and combined with /3-naphthol, whereby a beautiful grey 
is produced with i to 2 per cent, of the dye, whilst with 6 per cent, a 
deep, moderately greenish black is produced which is quite fast to 
washing and very fast to light. 

Chloramine Blue 3 G and HW are dark powders with a bronze 
lustre which dissolve in water with a blue colour. The solutions give 
blue precipitates with hydrochloric acid or sodium hydroxide. Concen- 
trated sulphuric acid produces a blue solution which yields a violet-blue 
precipitate on dilution. 

Brands 3G and HW are employed like chloramine green; on 
unmordanted cotton the former produces a, greenish blue whilst mark 
HW gives a blackish blue. Both dyes are particularly suitable for 
dyeing mixed fabrics. 

Azo Corinth (Oekler) is 

yAminophenolsulphonic acid III, 

Tolidine<^ 

^Resorcinol + diazotised naphthionic acid. 


Benzidine^ 


^Aminonaphtholdisulph 


The commercial product is a blackish brown powder which dissolves 
in water with a brownish red colour. The colour of the solution is 
changed to a more violet-red by sodium hydroxide. Hydrochloric 
acid produces a reddish brown precipitate. The violet-blue solution 
in concentrated sulphuric acid gives a brown precipitate on dilution. 
Unmordanted cotton is dyed brownish violet. 

Diamine Bronze {Casselld) is 


Benzidine^ 


Salicylic acid, 


'^Aminonaphtholdisulphonic acidH 4- ;;z-Phenylenediamine. 


The commercial product is a black powder which dissolves in hqft 
water with a brown colour. The colour of the solution becomes paler 
in the presence of sodium hydroxide; hydrochloric acid produces a 
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brown precipitate. The solution in concentrated sulphuric acid is 
brownish violet and yields a dark precipitate or dilution with water. 
Unmordanted cotton is dyed brown. 

Benzo Olive {Bayer) is 

y Salicylic acid, 

Ben2idme<Q 

M-Naphtnylamine + Aminonaphtholdisijjphonic acid H. 


It dyes unmordanted cotton in olive-green shades. The commercial 
product is a black powder which dissolves in water with a dark 
green colour. The solution is turned brown by sodium hydroxide, 
whilst hydrochloric acid precipitates the dye in blackish green flocks. 
The violet solution in concentrated sulphuric acid yields a greenish 
black precipitate on dilution. 

Mekong Yellow G {Durand, Huguenin, & Co,) is 


y Salicylic acid, 

Benzidine<^ 

\Dihydroxydiphenylmethane, 

Benzidine<^ 

^Salicylic acid. 


It dyes cotton greenish yellow in a soap bath. It is a brown 
powder which dissolves in water with a yellowish brown colour. The 
aqueous solution gives a brown precipitate with hydrochloric acid, and 
is reddened by sodium hydroxide. Concentrated sulphuric acid 
produces a violet solution which becomes turbid by the addition of 
water owing to the separation of brown flocks. 

The dyes, Mekong Yellow R and Azo Orange R, manufactured by 
the same firm, are of a similar character. 

Benzo Chrome Brown 3R {Bayer )} — The commercial product is 
a grey powder which is slightly soluble in alcohol and dissolves easily 
in water with an orange-brown colour. The aqueous solution gives 
a brown precipitate with hydrochloric acid and a reddish brown 
precipitate with sodium hydroxide. The blue solution in concentrated 
sulphuric acid gives a blue precipitate on dilution with water. 

Stannous chloride and hydrochloric acid produce a brown precipitate 
which gradually becomes violet-black and dissolves in the acid. 

It is suitable for dying unmordanted cotton. By subsequent 
treatment with potassium bichromate and copper sulphate very fast 
colours are obtained. 

Trisulphone Brown B {Sandoz) is 

ySalicylic acid, 

Benzidine<^ 

, \2-A3inino-8-naphthol-3 : 6-disulphonic acid -Cni' Phenylene- 

diamine. 

^ Rev. Gen. Mat. CoL, 1898, 2, 421. 
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It IS a greyish brown powder which dissolves in water with a coffee- 
brown colour. The solution yields a blackish brown precipitate with 
hydrochloric acid, and is turned reddish brown by sodium hydroxide. 
The bluish violet solution in concentrated sulphuric acid gives a dark 
brown precipitate on dilution. 

In the presence of 2 per cent, sodium carbonate and 15 to 20 per 
cent, sodium cklforide, trisulphone brown B dyes unmordanted cotton 
in beautiful, coffee-brown shades which a^-e very fast to washing and 
light. The colour is materially improved by subsequent treatment in 
a boiling bath with i per cent, potassium bichromate and 2 per cent, 
copper sulphate. 

In a neutral bath half-wool and also half-silk are dyecj fairly 
uniformly; the animal fibres are dyed rather yellower. 

Trisulphone Brown G and GG are dyes in the preparation of 
which tolidine and dianisidine respectively are used instead of 
benzidine. They give rather yellower shades than the preceding 
dye, but ~?tesemble it in their reactions and applications. 

Chlorazol Deep Brown B {Holliday) is identical with trisulphone 
brown B except that the end component is ;/2-tolylenediamine. 

Oxydiamine Orange G and R {Casselld) ^ are brownish red 
powders which are sparingly soluble in cold water, but dissolve more 
readily in hot water with yellowish brown colours. The solutions give 
orange brown precipitates with hydrochloric acid and yellowish brown 
precipitates with sodium hydroxide. The solutions in concentrated 
sulphuric acid have an orange-brown colour, which becomes yellowish 
brown on dilution and give finally an orange-brown precipitate. 

They are substantive cotton dyes but can also be employed on wool 
and silk. 

Diamine Green G {Casselld), Chlorazol Green G {Holliday) are 
obtained by coupling diazotised /-nitroaniline and i mol. of amino- 
naphtholdisulphonic acid H, combining the product with i mol. of tetrazo- 
diphenyl, and then adding i mol. of salicylic acid. 

The commercial product is a black powder which dissolves in 
alcohol or water with a green colour. The solution becomes yellower 
in the presence of sodium hydroxide. Hydrochloric acid produces a 
dark precipitate. The violet solution in concentrated sulphuric acid 
gives a bluish black precipitate on dilution with water. Unmordanted 
cotton is dyed green. 

A similar product is Columbia Green {Akt. Ges), which is 

/Salicylic acid 
Benzidine<^ 

yi-Amino-8-naphthol-4-sulphonic acid, 

Sulphanilic acid (diazotised), 

^ Rev, Gen. Mat Col, 1899, 3, 249. 
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and probably also Eboli Green {Leonhardt) ^and Benzo Dark 
Green B [Bayer')} which is a greyish black powder soluble in cold 
water with a dark green colour ; it gives a bluish green solution in 
alcohol. The colour of the solution becomes violet-black in the 
presence of sodium hydroxide ; jjiydrochloric acid gives a blue, and in 
excess a black, precipitate. The blue solution in concentrated sulphuric 
acid gives a black precipitate on dilution. A mixture of stannous 
chloride and hydrochloric acid produces a blue precipitate which 
becomes black and slowly dissolves on warming, forming a colourless 
solution. 

Cotton is dyed in dark green shades in a bath at the boiling point 
(one hour) containing lo to 15 per cent, sodium sulphate. The colours 
can be destroyed by stannous chloride and zinc dust. The dye can also 
be used for dyeing half-wool in a neutral bath containing sodium 
sulphate. It can also be employed with silk and wool. 

Chloramine Green [Sandoz) is 


Benzidine^ 


^Phenol (or salicylic acid), 


\ 


Aminonaphtholdisulphonic acid H, 


Dichloroaniline (diazotised). 


It is a dark powder with a pale bronze lustre and dissolves in water 
with a dark green colour. The aqueous solution gives a violet pre- 
cipitate with hydrochloric acid, and becomes blackish green in the 
presence of sodium hydroxide. The violet solution in concentrated 
sulphuric acid gives a violet precipitate on dilution. 

In a neutral or faintly alkaline bath chloramine green B dyes' 
unmordanted cotton in bluish green shades, which are considerably 
brighter than those produced by diamine green B; it is also faster 
to alkali than the latter. 

In a neutral bath it produces fine uniform colours on half-silk and 
half-wool ; if the dyeing is too rapid, the animal fibres acquire a rather 
darker colour. 

The following dyes probably also belong to the same class. 

Polyphenyl Black [Geigy), 

Direct Deep Black G ^ is a greyish black powder which dissolves 
in cold water with a brownish black colour. The aqueous solution 
gives a violet-black precipitate ^y^ith hydrochloric acid, and a dirty 
violet-black precipitate with sodium hydroxide. The blue solution in 
concentrated sulphuric acid gives a precipitate of violet-black flocks 
on dilution with water. 

It is a substantive dye and is suitable for dyeing cotton, half-wool, 
and jute. Cotton is dyed for one hour in a boiling bath containing 10 

^ Gen ^ Mat . Col .^ 1899, 3, 56. 2 124. 
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per cent, sodium chloride; for half-wool 15 to 20 per cent, sodium 
chloride or r20 to 25 f)er cent, sodium sulphate is added to the bath, and 
the dyeing is allowed to proceed for one and a half to two hours at the 
boiling point. The dye can also be diazotised on the fibre. 

Direct Dee"p Black RW {BayerV is a grey powder which easily 
dissolves even in cold water with a violet-black colour. The solution 
gives a violet-black precipitate with hydrocWoric acid, and a reddish 
blue precipitate ^ith sodium hydroxide. The blue solution in con- 
centrated sulphuric acid gives a reddish brown precipitate on dilution 
with water. 

Cotton is dyed violet-black inr a boiling bath with the addition of 
5 to 15 per cent, of sodium chloride. The dye is also recommended 
for dyeing linen and especially jute. The colour can be discharged 
by stannous chloride and zinc dust. It forms a suitable base for aniline 
black. 

Direct Deep Black E (Bayer) ^ is a blackish brown powder, which 
is sparingly soluble in cold water and dissolves easily in hot water with 
a brownish black colour. The aqueous solution gives a violet-black 
precipitate with hydrochloric acid, and is changed to bluish black by 
sodium hydroxide. Concentrated sulphuric acid produces a blue solution 
from which the dye is precipitated on dilution with water. 

Cotton is dyed with the addition of sodium chloride to the bath. 

Direct Blue Black 2B (Bayer) ^ is a brownish black powder, which 
is sparingly soluble in cold water but dissolves easily in hot with a 
bluish black colour. Blue precipitates are produced in the aqueous 
solution by hydrochloric acid or sodium hydrpx-ide. The blue solution 
''in concentrated sulphuric acid becomes- turbid on the addition of 
water. 

In the presence of sodium sulphate and some sodium carbonate, 
unmordanted cotton is dyed in very bright, blackish blue shades. 

Carbide Black BO (Soc, Chem, Ind.^ Basle) ^ is a grey powder which 
is insoluble in alcohol, but dissolves in cold water and easily in hot water 
with a violet-black colour. Hydrochloric acid produces a violet-black 
precipitate, and sodium hydroxide a bluish red solution. The blue 
solution in concentrated sulphuric acid yields a bluish black precipitate 
on dilution. Stannous chloride and hydrochloric acid produce a bluish 
black precipitate which gradually dissolves to a colourless solution. 

Cotton is dyed bluish black in ihe presence of sodium chloride. 
The colour is not very fast. 

Carbide Black RI appears to have more satisfactory properties. 

Ebony Black (Soc, Chem. Ind^ Basle) ^ consists of a blackish brown 

1 J ^ ev , Gen , Mat Cot , 1899, 3, 125. 3 ^3^^^ 2, 248. 

? md,, 1898, 2, 418. 4 ^ 

^ Ibid,, 1899, 3 ) 56. 
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dye mixed with a small quantity of a blue dye. It is insoluble in alcohol 
but dissolves in cold water with a blackish blue coloi5r. Hydro- 
chloric acid produces a blue, sodium hydroxide a blackish blue, 
precipitate. The blue solution in concentrated sulphuric acid yields 
the dye in blue flocks on dilution with water. A mixture of stannous 
chloride and hydrochloric acid produces at first a blue precipitate, which 
quickly dissolves, forming a colourless solution. 

It can be used for dyeing cotton and half- wool ; tlie former is dyed 
in greenish black shades ifl a bath of sodium carbonate and sodium 
sulphate. The dye can be diazotised on the fibre. 

Dark Blue 3B {Bayer) ^ is a greyish black pow^der which dissolves 
in cold water with a violet-black colour. The aqueous solution gives a 
bluish" black precipitate with hydrochloric acid, and a violet-black 
precipitate with sodium hydroxide. Concentrated sulphuric acid pro- 
duces a blue solution which gives a blue precipitate on dilution with 
water. 

Cotton is dyed directly in a bath containing ro per cenjv sodium 
sulphate and i per cent, sodium carbonate ; on diazotisatron on the 
fibre and development with j8-naphthol, etc., the dyeings are fast to 
washing. 

Diazo Blue 3 R {Bayer)’^ is a substantive cotton dye, the direct 
dyeings of which, however, are valueless. By diazotising on the fibre 
and developing with /3-naphthol a very pure blue with a reddish tinge 
is produced, which, especially in conjunction with Diazo Indigo Blue B, 
is suitable for the production of indigo shades. The dye is used in the 
presence of sodium chloride. The commercial product is a dark brown . 
powder which dissolves in water with a reddish blue colour. The 
aqueous solution gives a blue precipitate with hydrochloric acid, and 
acquires a yellowish red colour in the presence of sodium hydroxide. 
Concentrated sulphuric acid produces a blue solution which gives a blue 
precipitate on dilution with water. 

Columbia Black FF extra {Akt,-Ges>^ ^ is 

^a-Naphthylaminesulphonic acid (Cleve), 

/J-Phenylenediamine<^ 

Aminonaphtholsulphonicacidy + 7/z-Phenylenediamine. 

It is a brownish black powder which dissolves in water with a violet- 
black colour, and is insoluble in alcohol. Sodium hydroxide and 
hydrochloric acid produce violet precipitates in the aqueous solution. 
The blue solution in concentrated sulphuric acid becomes turbid on 
dilution vnth water owing to the separation of a violet precipitate. 
Stannous chloride and hydrochloric acid produce a violet precipitate, 
which dissolves slowly in the cold, forming a colourless solution. 

1 J^ev. Gen. Mat. Col, 1899, 3, 124. 2 ^ ^jg^ 

3 Jbid., 1899, 3, 284. 
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Cotton is dyed bhish black from a boiling bath containing sodium 
sulphate aifd sodium carbonate. 

This class also includes the following few dyes, which are obtained 
by the action of diazo- and tetrazo-compounds on phenylene- or 
tolylenediamines and their sulphonic^ acids, and dye unmordanted 
cotton brown : — 

Tolylene Brown, Benzo Brown G, Cuteh Brown, Benzo Dark 
Brown, Benzo’^ Black Brown, Direct Brown T, Diamine Catechin, 
Pegu Brown, Leather Brown, etc. "" 

Azo Dyes applicable for the so-called “Two-bath Process.” — In 

this process the dyes are fixed on the fibre and coupled with a diazo- 
compound. The first dyeing is effected, as usual, in the presence of 
sodium sulphate, sodium carbonate, etc. The fabric is then passed for 
about thirty minutes through a solution of a diazo-compound (generally 
^-nitrodiazobenzene chlpride) at the ordinary temperature. The colours 
produced in this way are usually darker, and are particularly fast to 
light ancL|o washing. 

Of d^s, suitable for this purpose, mention may be made of 
Chloramine Orange, Benzo Brown, Tolylene Orange, Direct Black, 
Pluto Black, Chicago Blue, Chrysamin, Congo Brown, Columbia Brown, 
Chromanil Brown R2G, Zambesi Black DR, O, Columbia Black, etc. 

Special brands are brought on the market by many firms; for 
example : — 

Diamine Nitrazol Browns G, B, RD, BD {Casselld), — Brands RD 
and BD can also be employed without subsequent coupling. 

Benzo Nitrol Brown G (Bajer)} — The commercial product is a 
brown powder which is slightly soluble in alcohol, but dissolves in hot 
water with an orange-brown colour. The aqueous solution gives a 
bluish red precipitate with hydrochloric acid, and an orange-red 
precipitate with sodium hydroxide. The dye dissolves in concentrated 
sulphuric acid with a blue colour ; on diluting the solution with water, 
a bluish black precipitate is obtained. 

Although unmordanted cotton can be dyed directly, the dyeings 
have no practical value. By treating them, however, in a bath of p- 
nitrodiazobenzene, their fastness is materially increased. 

Benzo Nitrol Brown zR {Bayer')’^ is an analogous dye, which is 
likewise fixed on the fabric and coupled with /-nitrodiazobenzene. 

It is brought on the market in the form of a brown powder with a 
bronze lustre, which is slightly soluble in cold water, but dissolves more 
easily in hot water with an orange-brown colour. The aqueous solution 
gives a brown precipitate with hydrochloric acid and an orange-brown 
precipitate '\yith sodium hydroxide. Concentrated sulphuric acid 
produces a bluish red solution which, on dilution with water, gives a 

^ Rev. Gen^ Mat. Col^ 1898, 2., 460. ^ i8q8> 46Q' 
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blue precipitate, finally acquiring a reddish brown colour in the presence 
of an excess of water. 

Benzo Nitrol Dark Brown N {Bayer'). 

Benzo Nitrol Brown sB {Bayer)} — The commercial product is a 
brown powder which easily dissolves in warm water with a yellowish 
brown colour. The aqueous solution gives a yellowish brown precipitate 
with hydrochloric acid, and becomes more orange-yellpw in the presence 
of sodium hydroxide. Copcentrated sulphuric acid produces a blue 
solution from which water precipitates a brownish black substance. 
Stannous chloride and hydrochloric acid produce at first a yellowish 
brown precipitate which gradually dissolves ; the solution is decolorised 
by boiling. The dye dissolves slightly in alcohol with a brownish 
yellow colour. 

The dye is employed in the presence of sodium carbonate and 
sodium sulphate. The colour becomes materially faster by subsequent 
treatment with potassium bichromate and copper sulphate. 

This class includes also Dianil Black {M. L. Br.), which fS^identical 
with Cuba Black R {Petersen\ Naphthylamine Indigo RF, and 
Naphthylamine Dark Blue R {Kalle), 

9. Azostilbene Dyes. 

Azostilbenesulphonic acid and its derivatives may also be classified 
with the azo dyes. Until recently they were considered to be essentially 
azoxy-dyestufifs, but Green and his pupils^ have shown that they are 
all azo-compounds. 

Sun Yellow, Afghan Yellow {Holliday), Curcumin S, Direct' 
Yellow RT ; Direct Yellow J {Poirrier), Azidine Fast Yellow G 
{Jdger), Naphthylamine Yellow, etc., are obtained by warming p- 
nitrotoluenesulphonic acid with sodium hydroxide. The commercial 
products are brown powders, which are insoluble in alcohol, but dissolve 
easily in water with a reddish yellow colour. Hydrochloric acid and 
sodium hydroxide produce brownish yellow precipitates in the aqueous 
solution. Concentrated sulphuric acid dissolves the dyes with reddish 
violet or red colours ; the dye is precipitated on dilution. Golden- 
yellow shades are produced on unmordanted cotton in the presence of 
.sodium chloride, and on silk and wool in an acid bath. 

Similar dyestuffs are: — Chicago Orange G and KR {Geigy), Arnica 
Yellow {Geigy), the Mikado colours {Leonhardt) (Mikado Orange, 
Mikado Yellow, Mikado Brown), Renol Yellow R {Ter Meer), and 
Direct Yellow R {Bayer')? 

Diphenyl {Geigy)^ is a pale reddish brown- powder which 

gives a turbid, brownish yellow solution in water. A darker solution 

^ Bev. Gm. Mat. Col, 1898, 2, 421, 2 y Dyers and Col., 1907, 23, 162. 

3 Rev. Gen. Mat. Col, 1898, 2, 458. ^ Ibid., 1898, 2, 6S! 
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is produced^ in hydrochloric acid or sodium hydroxide. Concentrated 
sulphuric acid produces a reddish brown solution. Cotton is directly 
dyed pale yellow in a boiling bath with the addition of sodium sulphate. 
The colour is rendered fast to alkali by subsequent treatment with 
potassium bichromate. ^ 

Diphenylcitronin G {Geigy)^ is a pale reddish brown powder 
which dissolves^ip water with a pale yellow Yolour. The solution is 
unchanged by sodium hydroxide, and becomes rather lighter in colour 
in the presence of hydrochloric acid. Concentrated sulphuric acid 
dissolves the dye with a reddish brown colour. 

III. THTAZOLE DYES. 

By heating /-toluidine and its homologues, for example as-m- 
xylidine, with sulphur, thiazole derivatives (dehydrothio-Z-toluidine, 
dehydrothiO“;;z-xylidine, primuline, and homologues) are obtained, which 
are either used directly as dyes in the form of sulphonic acids or serve 
as the nW^rials from which very valuable dyes are produced. 

Primuline (Thiochromogen, Polychromine, Aureoline, Sulphine, 
etc.) is prepared by heating /-toluidine and an excess of sulphur at a 
high temperature and subsequently sulphonating the resulting 
primuline base. The commercial product is the sodium salt, and is a 
yellow powder which dissolves in water with a pale yellow colour. The 
aqueous solution is unchanged by sodium hydroxide, and gives a yellow 
precipitate with hydrochloric acid. Concentrated sulphuric acid 
produces a yellow, fluorescent solution, from which a green precipitate 
is obtained on dilution with water. 

Uamordanted cotton is dyed yellow. 

Primuline is not very largely employed as a yellow dye, but its 
properties are utilised in another direction. The dye on the cotton can 
be converted by treatment with nitrous acid into a diazo compound, 
from which very diverse shades of colour can be produced directly on 
the fabric by the action of phenols or amines. 

Primuline Red is produced by the action of /3-naphthoI. 

Chromine G {Kalle) is obtained by heating dehydrothiotoluidine 
and sulphur, and subsequently methylating and sulphonating the 
product ; it cannot be diazotised. It is a brown powder which dissolves 
in hot water with a brownish yellow colour. Hydrochloric acid and 
sodium hydroxide precipitate the dj?e in brownish yellow or greenish 
yellow flocks. Concentrated sulphuric acid produces a yellow, 
fluorescent solution from which a flocculent, brown precipitate is 
obtained on dilution with water. 

It dyes cotton and half-silk in an alkaline bath. 

Thioflavine T When dehydrothiotoluidine is treated 

1 Rev. Ge7i. Mat. Col.^ 1898 , 2 , 68 . 
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with methyl chloride or with methyl alcohol and fcydrochicjric acid, the 
first action results in the replacement of the aminic hydrogen atoms by 
methyl groups ; finally, however, a quaternary ammonium compound is 
formed. The chloride of this is a fine yellow dye, which is soluble in 
water ; it is brought on the nfarket under the name Thioflavine.” 
Thioflavine is fixed after the manner of basic dyes on tannin-mordanted 
cotton, and produces a greenish yellow similar to thal^c^f auramine. 

Silk is dyed greenish yellow from an acid, boiled-oflf liquor bath. 

The commercial product is a yellow, crystalline powder, which 
dissolves in water and in alcohol with a yellow colour. The alcoholic 
solution shows a green fluorescence. The solution is not affected by 
hydrochloric acid or sodium hydroxide. Concentrated sulphuric acid 
produces a colourless solution which becomes yellow on dilution. 

Thioflavine S is the sodium salt of a sulphcnic acid of methylated 
primuline ; it is a yellow powder which is easily soluble in water. The 
alcoholic solution shows a green fluorescence. The :yellow, aqueous 
solution gives an orange-yellow precipitate with hydrochlodc^cid and 
is unchanged by sodium hydroxide. The brown solution in concen- 
trated sulphuric acid yields an orange-yellow precipitate on dilution 
with water. 

It dyes unmordanted cotton greenish yellow. 

Chloramine Yellow M {Bayer), Chlorophenine, or Oxyphenine 
{C/ay ton), is obtained by oxidising an alkaline solution of dehydrothio- 
toluidinesulphonic acid with bleaching powder, lead peroxide, etc. It 
dyes wool and unmordanted cotton in very fast, yellow shades. The 
commercial product is a yellowish brown powder which dissolves in ' 
water with a yellow colour. Hydrochloric acid and sodium hydroxide 
produce orange-yellow precipitates. The red solution in concentrated 
sulphuric acid gives a brown precipitate on dilution with water. 

Chloramine Orange {Bayer) and Chloramine Brown are similar 
dyestuffs. 

Chloramine Yellow GG {Bayer)^ is an orange-brown powder which 
dissolves in water with a yellow colour. Hydrochloric acid and sodium 
hydroxide produce brownish yellow precipitates in the aqueous solution. 
The dye dissolves in concentrated sulphuric acid with a brownish 
yellow colour, and is recovered on dilution as a reddish yellow 
precipitate. 

It dyes cotton in greenish yellow shades in a boiling bath containing 
sodium chloride. 

Thiazole Yellow {Bayer), Clayton Yellow {Clayton), or Mimosa 
{Geigy), is obtained by the action of ammonium hydroxide on 
diazotised primuline and also by the action of dehydrothiotoluidine- 
sulphonic acid on the diazo compound of the same acid. It is a yellow 
^ Rev, Gen, Mat, CoL, 1900 , 4 , 8 . * 
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powder which dissol^^^s in water and in alcohol with a yellow colour. 
The aqueous solution gives reddish yellow precipitates with hydro- 
chloric acid and sodium hydroxide. Concentrated sulphuric acid 
produces a brow’nish yellow solution. 

It dyes unmordanted cotton yellowdn a soap bath. 

Oriol Yellow {Geigy\ Cotton Yellow R Alkali Yellow 

obtained from diazotised primuline and salicylic acid, is a red 
powder which dissolves in water with an, orange-red colour. Hydro- 
chloric acid and sodium hydroxide produce in the aqueous solution 
yellow or orange-yellow precipitates. The red solution in concentrated 
sulphuric acid becomes turbid on dilution with water owing to the 
separation of brownish yellow flocks. 

Yellow R (B.A.S.F.) and Alkali Yellow (Da/u).—l{ the coupling 
is effected with ^/^-phenylenediamine instead of salicylic acid, Alkali 
Brown R is obtained, which dyes unmordanted cotton brown and 
behaves like oriol yellow towards reagents. Terracotta F (Getgy), 
Cotton^range R (B.A.S.F.), and Diamine Fast Yellow A {Cassella) 
are dyestuffs of a similar type. 

Nitrophenine (Clayto^i) is obtained by coupling /-nitrodiazobenzene 
with dehydrothio-/-toluidinesulphonic acid, and dyes unmordanted 
cotton greenish yellow. The commercial product is a brown powder 
which dissolves in water with a reddish yellow colour. The solution 
gives a yellow precipitate with hydrochloric acid, and is turned violet 
by sodium hydroxide. Concentrated sulphuric acid produces a yellow 
solution which gives a yellow precipitate on dilution with water. 

Curcuphenine Yellow {Claytori)^ is a brWnish red powder which 
dissolves in water with an orange-yellow colour and gives a violet 
solution in alcohol. The aqueous solution is turned brown by 
hydrochloric acid, and gives a flocculent precipitate with sodium 
hydroxide. Concentrated sulphuric acid produces a reddish brown 
solution. 

Unmordanted cotton is dyed in a bath of sodium chloride. 
Chlorophenine Orange R and are similar dyestuffs. 

Dianil Yellow G, 3G, and R (JY. L. Br.) ^ are substantive monoazo- 
dyes, which are prepared from primuline or dehydrothiotoluidine and 
a /3-diketone (ethyl acetoacetate). The brand G gives a more greenish 
yellow than chrysophenin, whilst brand 3 G gives a very greenish 
yellow. Cotton is dyed in the presence of sodium chloride or sodium 
sulphate. Brand G is a brown powder, which is slightly soluble in cold 
water but dissolves easily in hot water with a yellowish brown colour. 
The aqueous solution gives an orange precipitate with hydrochloric acid 
and a violet-fed precipitate with sodium hydroxide. Stannous chloride 

1 /? e - v , Gen , Mat . Coly 1897, l, 81. Ibid .., 1897, I, 81. 

^ 3 Ibid ., 1899, 3, 197. 
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and hydrochloric acid produce an orange-yellow precipitate which 
dissolves by warming. The yellow solution in concentrated sulphuric 
acid yields a yellow precipitate on dilution with water. The dye 
dissolves slightly in alcohol with a yellow colour. • 

Brand 3G is a dirty yellow powder which dissolves in cold water. 
Hydrochloric acid produces an orange, and sodium hydroxide an 
orange-yellow, precipitate. The dye is insoluble ia <alcohol, and its 
behaviour with stannous cljloride and hydrochloric acid and with 
concentrated sulphuric acid is the same as that of brand G. 

Brand R is an orange-yellow powcjer which is easily soluble in water 
and shows reactions similar to those of the two preceding dyes. 

HrUka B {Akt. Ges.') is a reddish brown powder obtained from 
diazotised dehydrothio- 7 «-xylidine and a-naphthol-3 : 8-disulphonic 
acid ; it dissolves in water and in alcohol with a red colour. The 
aqueous solution gives a red precipitate with hydrochloric acid, and a 
bluish red precipitate with sodium hydroxide. Concentrated sulphuric 
acid produces a red solution which yields a red precipitate by dilution. 

Unmordanted cotton is dyed a very beautiful rose colour. 

Diazo Brilliant Scarlet {Bayer) is prepared by condensing 2-amino- 
S-naphthol- 7 -sulphonic acid with 7 «-nitrobenzaldehyde, heating the 
product with sulphur and sodium sulphide whereby the thiazole 
compound is formed, and then treating this with a diazo-compound. 

The following dyes also belong to this class : — Salmon Red, Emin 
Red, Erika 2GN, 4GN, of the same firm ; 1 Geranin BB and G, 
Brilliant Geranin B and 3B {Bayer)-, Titan Rose {Read Holliday ; 
prepared from diazotised dehydrothiotoluidine and /3-naphthol-6- * 
sulphonic acid S) ; Clayton Cloth Red (from diazotised dehydrothio- 
/-toluidinesulphonic acid and / 3 -naphthol) ; Thiazin Red G and R; 
Thiazin Brown G and R {B.A.S.F.). 

IV. PYRAZOLONE DYES. 

Tartrazine is the most important representative of this class. It 
is obtained by the action of i mol. of dihydroxytartaric acid on 2 mol. 
of 7>-phenylhydrazinesulphonic acid. It is an orange powder which 
dissolves easily in water with a golden-yellow colour. The colour of 
the solution is darkened by sodium hydroxide, but is not affected by 
hydrochloric acid. Concentrateci sulphuric acid produces a yellow 
solution. 

It dyes wool and silk yellow in an acid bath. The colours on wool 
are very fast 

A dyestuff, similar to tartrazine but of unknown composition, is 
brought on the market under the name Flavazine S {M'L. Br.)-,^ like 
tartrazine, it is employed on wool in a bath containing sodium hydrogen 

1 Z. anorg. Chim., 1896, 9, 679. = Rev. Gen. Mat Col., 1900, 4, 93. 
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sulphate (t?artar substitute), but equalises better. It is an orange -yellow 
powder which is soluble in water. The aqueous solution gives orange 
precipitates with hydrochloric acid and sodium hydroxide. Concen- 
trated sulphuric acid produces a yellowish brown solution from which 
the dye is precipitated in yellow flocks on dilution. 

Probably Oehler’s Hydrazine Yellow 0, which produces rather 
greener shades ''than tartrazine, and also Light-fast Yellow 3 G 
{Bayer) belong to this class. 

V. DIPHENYL^ AND TRIPHENYL-METHANE DYES. 

I. Diphenylmethane Dyes. 

Auramine is a yellow basic dye which produces^ pure yellow shades 
on tannin-mordanted cotton ; it can also be used for dyeing leather 
and paper. The commercial product, the hydrochloride of a colourless 
base, is a yellow powder which dissolves in warm water with a pale 
yellow ^colour. The solutions become dark yellow in the presence 
of hydrochloric acid. The dye is decomposed by boiling acids 
into ammonia and tetramethyldiaminobenzophenone. The aqueous 
solution gives with sodium hydroxide a white precipitate which is 
soluble is ether. The solution in concentrated sulphuric acid is 
colourless but becomes yellow on dilution. 

The dye is prepared by heating tetramethyldiaminodiphenyl- 
methane, sulphur, sodium chloride, and ammonium chloride in a 
current of ammonia under slightly increased pressure. 

Auramine G dyes tannin-mordanted cotton in greener shades than 
does ordinary auramine, but in other respects resembles it in its 
behaviour with reagents. It is obtained by heating a mixture of 
dimethyldiaminodi - - tolylmethane, sulphur, sodium chloride, and 
ammonium chloride in a current of ammonia. 

(For its volumetric analysis by means of acid dyestuffs, see Pelet 
and Garuti.^) 

The dye is decomposed into ammonia and dimethyldiaminodi-£?- 
tolyl ketone by heating with acids. 

Phenylauramine is put on the market under the name Arnicanine, 
but is very seldom used on account of its slight solubility in water. It 
dyes tannin-mordanted cotton in brown shades. 

Pyronine G is produced by the oxidation of tetramethyldiamino- 
diphenylmethane oxide. The commercial product dissolves in water 
and in alcohol with a red colour. The strongly fluorescent aqueous 
solution becomes paler in the presence of hydrochloric acid. Sodium 
hydroxide produces a red precipitate. The yellowish red solution in 
concentrated sulphuric acid becomes redder on dilution. 

^ Z. Park Ind.^ 1908, 7, 44. 
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The dye is employed on cotton, wool, and silk. 

Pyronine B is the corresponding ethyl derivative ; it resembles 
brand G but produces more bluish colours. 

Acridine Red is produced by the careful oxidation of pyronine B. 

2. Triphenylmethane Dyes. 

Malachite Green (Bitter Almond Oil Green, New Victoria Green, 
Fast Green, Diamond Green 'fB, etc.). 

Preparation . — By heating benzaldehyde and dimethylaniline with a 
condensing agent tetramethyldiaminctriphenylmethane, the leuco base 
corresponding with malachite green, is obtained, and is transformed 
into the dyestuff by oxidation with lead peroxide. 

Like rosaniline, the colourless base forms coloured salts with acids, 
water being eliminated. 

The oxalate and the zinc chloride double salt crystalline well. The 
commercial article usually consists of large, greenish, metallic* rooking 
leaflets (oxalate) or yellow, prismatic crystals (zinc chloride double salt). 
The salts dissolve easily in water and in alcohol with magnificent green 
colours. From the solution the colourless base is precipitated, 
immediately by alkali hydroxides, slowly by sodium carbonate and 
ammonium hydroxide. The colour is changed by strong mineral acids 
through yellowish green to a dirty yellowish brown. The base, 
liberated from its salts, gives at first a fairly colourless solution in dilute 
acids, but on warming the formation of the dyestuff commences. 

The dye is converted into the corresponding leuco base by reduction. ^ 
Malachite green differs from the otherwise very similar methyl green 
in that its colour does not change to violet on heating, as does that of 
the latter. The two substances on dyed fabrics can be distinguished 
from one another by means of this property. 

Malachite green is a very powerful, beautiful dye. Wool is dyed 
directly, cotton after being mordanted with tannin. 

The analysis can also be carried out by titration with titanous 
chloride.^ 

Brilliant Green (Malachite Green G, Diamond Green G, Ethyl 
Green). 

From the chemical point of view this dye differs from the preceding 
in that it contains ethyl groups ^Tnstead of methyl groups. It is 
obtained by the action of diethylaniline on benzaldehyde and oxidation 
of the resulting leuco base. 

Brilliant green is usually brought on the market in the form of 
its crystalline sulphate ; it dyes a yellower shade than malachite green. 

New Fast Greens 2B and 3B are prepared from dichlorobenzalde- 


3 R 


II 


^ Cf. Knecht,y. Soc. Dyers and CoL^ 1905, 21, 293*. 
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hyde or acfnixtiire chloro- and dichloro-benzaldehyde and dimethyl- 
aniline. They dissolve in hot water with greenish blue colours and 
the solutions gelatinise on cooling. They produce bluer shades than 
malachite green. 

Glacier Blue, obtained from dichlorobenzaldehyde and methyl-^?- 
toluidine, gives very pure shades on silk. 

Setocyanir^^ {Geigy)^ prepared from 3 -chlorobenzaldehyde and 
monoethyl-^?-toluidine, is a blue-grey powder which dissolves in water 
with a greenish blue colour. The solution gelatinises on cooling. 
Hydrochloric acid changes the colour of the solution to yellowish green, 
and in excess to brownish yellow. Sodium hydroxide produces a 
brownish yellow precipitate which dissolves in ether with a yellow 
colour. Concentrated sulphuric acid produces a brownish yellow 
solution which becomes yellowish green by dilution with water. 

In an acid bath it dyes silk in rather less greenish shades than glacier 
blue. 

Seloglaucine {Geigy),^ prepared from ^?-chlorobenzaldehyde and 
dimethylaniline, is a blue-grey powder which dissolves in water with a 
greenish blue colour, and dyes silk a very pure blue-green in an acid- 
bath. The aqueous solution becomes yellowish green by the addition 
of hydrochloric acid, and brownish yellow in the presence of an excess 
of the acid. Sodium hydroxide produces a blue precipitate in the 
cold. The brownish yellow solution in concentrated sulphuric acid 
becomes yellowish green by dilution with water. 

Light Green SF Yellowish differs essentially from the preceding, in 
that it is the salt of a sulphonic acid and is employed in an acid bath 
after the manner of acid dyes. 

For its preparation dibenzyldiethyldiaminotriphenylmethane, 
obtained from benzylethylaniline and benzaldehyde, is converted by 
treatment with sulphuric acid into a sulphonic acid which is then 
oxidised to the dyestuff. 

It produces a yellowish green shade. 

The commercial product is a pale green powder which dissolves in 
water and in alcohol with a green colour. The aqueous solution 
becomes yellowish brown in the presence of hydrochloric acid, and is 
decolorised and rendered turbid by sodium hydroxide. Concentrated 
sulphuric acid produces a yellow solution which becomes green on 
dilution. A similar dye is Light Green SF Bluish, which is produced 
from benzylmethylaniline and yields rather bluer shades. 

Guinea Green B is obtained by condensing benzaldehyde and 
benzylethylanilinesulphonic acid and oxidising the resulting leuco 
compound. ^ 

Guinea Green BV is a derivative of ^/^-nitrobenzaldehyde. 

1 I^ev. Gfd, Mat, Col^ 1899, 3, 173. 2 iggg^ 2, 173. 
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Patent Blue V {M. Z. Br^} like all brands of Patent Blue, is a 
derivative of 7 ;/-hydroxybenzaldehyde. The commercial product is 
the magnesium or sodium salt of ^//-hydroxytetraethyldiaminotriphenyl- 
carbinoldisulphonic acid (or pf the sultonesulphonic acid) ; it is a 
brownish red powder which dissolves in water v/ith a blue colour. 
Hydrochloric acid produces initially a green, and then a yellow, 
coloration. The solution' is unchanged by sodium hydroxide. Con- 
centrated sulphuric acid produces a yellowish solution which becomes 
yellow and then green on dilution. 

Wool is dyed greenish blue from an acid bath. The colours are 
characterised by their fastness to alkali. 

New Patent Blue B {Bayer) ^ is a blue-grey powder which dissolves 
in cold water with a greenish blue colour. The dye is only sparingly 
soluble in alcohol. The aqueous solution is turned greenish yellow by 
hydrochloric acid, whilst sodium hydroxide produces a blue precipitate. 
The yellow solution in concentrated sulphuric acid becomes orange- 
yellow and then greenish yellow on dilution. 

The dye equalises well. 

New Patent Blue 4B (Bayer)^ is a reddish blue powder which 
dissolves in water with a blue colour. The aqueous solution becomes 
yellow on the addition of hydrochloric acid, and gives a brown pre- 
cipitate with sodium hydroxide. Concentrated sulphuric acid produces 
a yellow solution which becomes greenish yellow on dilution. The dye 
is slightly soluble in alcohol. 

Patent Blue A, the calcium salt of ?;^-hydroxydibenzyldiethyl- 
diaminotriphenylcarbinoldisulphonic acid, is a similar dye. 

Cyanine B, obtained by the action of suitable oxidising agents on 
patent blue V, is faster to light and to alkali than this, and dyes wool 
in indigo-blue shades. 

Cyanol {Casselld) is produced by the condensation of ;;2-hydroxy- 
benzaldehyde and 2 mol. of monoethyl-<?-toluidine, sulphonation 
of the leuco base, and oxidation of the resulting disulphonic acid. It 
dyes wool blue from an acid bath. The commercial product is a dark 
blue powder which dissolves in water with a blue colour. The solution 
becomes green and then yellow by the addition of hydrochloric acid. 
Sodium hydroxide produces a red solution on warming. The yellow 
solution in concentrated sulphuric acid becomes green and then blue 
on dilution. 

Cyanol FF is also a dyestuff of this type, which produces purer 
shades on wool and silk from an acid bath than the preceding brands.^ 

Cyanol Green B {Casselld) ® is a bluish green powder which dissolves 

^ Cf, also Annaleny 1897, 294, 377. s 2, 421. 

2 Rev. Gen. Mat. Col^ 1898, 2, 421. 4 y jgpg 

® Rev. Gen, Mai. Col.^ 1900, 4, 463. * 
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in water Wcith a bluish green colour. The colour of the aqueous solution 
is not changed by sodium hydroxide, but becomes brownish yellow in the 
presence of hydrochloric acid. Concentrated sulphuric acid produces a 
brownish yellow solution, which becomes at first reddish brown and then 
brownish yellow on dilution. <r 

It dyes wool in bluish green shades in a bath containing sulphuric 
acid and sodiugi, ^sulphate. 

Erioglaucine {Geigf) is prepared frpm benzaldehyde-(7-sulphonic 
acid and 2 mol. of benzylethylanilinesulphonic acid ; it is the ammonium 
salt of the anhydride of dibenzyldiethyldiaminotriphenylcarbinol- 
0 : p' :/»"-trisulphonic acid. 

It dyes silk and wool from an acid bath in bluish green shades which 
are fast to alkali, and it exhausts well from the bath. 

Setopaline is a closely related dye. 

Fast Green extra Bluish {Bayer) is a blue-green, crystalline powder 
which dissolves in water and in alcohol with a greenish blue colour. 
The solution is turned yellow by hydrochloric acid and is decolorised 
by sodium hydroxide on warming. Concentrated sulphuric acid pro- 
duces a yellowish red solution which becomes greenish blue on dilution. 

Chrome Green {Bayer) is obtained by oxidising the condensation 
product of tetramethyldiaminobenzhydrol and benzoic acid. The 
commercial product is a brown powder which dissolves in water and 
in alcohol with a greenish blue colour. The solution becomes yellow 
in the presence of hydrochloric acid, and is decolorised by sodium 
hydroxide. Concentrated sulphuric acid produces an orange-yellow 
solution. Chromed wool is dyed green. " 

Chrome Violet {Bayer) is prepared like chrome green, using salicylic 
acid instead of benzoic acid. The commercial product is a black paste 
which is insoluble in water. Hydrochloric acid produces a reddish 
brown solution ; sodium hydroxide forms a violet-red solution together 
with a dark precipitate. Concentrated sulphuric acid produces a 
yellowish brown solution which becomes reddish brown on dilution. 
Chromed wool is dyed violet. 

Ketone Blues G, R, and 4BN {M. L, Br.) are obtained by condensing 
^//-methoxybenzoic acid and tertiary amines in the presence of phos- 
phoryl chloride. 

Azo Green is an azo dye which dyes chromed wool green. It is 
prepared by oxidising the product obtained by coupling salicylic acid 
with diazotised 7;2-aminotetramethyl-/-diaminotriphenyImethane. The 
commercial product is a green paste which is sparingly soluble in water 
and in alcohol. It dissolves in sodium hydroxide on warming : hydro- 
chloric acid produces a brownish red colour. Concentrated sulphuric 
acid produces a brownish red solution which gives a brown precipitate 
on dilution. 
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Rosaniline (Triaminotolyldiphenylcarbinol) in #he pure state forms 
colourless leaflets which become red in the air. Towards acids it 
behaves like a moderately strong base and forms salts with the elimina- 
tion of water. 

The base is reprecipitated frSm the solutions of its salts by the 
addition of alkalis. The precipitation is effected jnore slowly by 
ammonium hydroxide than by sodium hydroxide • or potassium 
hydroxide. On the other hand, rosaniline expels ammonia from a 
boiling solution of ammonium chloride and is slowly converted into 
the chloride. ^ 

The monoacidic salts of rosaniline are mostly rather sparingly 
soluble in water. These solutions, however, exhibit a deep red colour 
in consequence of the extremely intense colouring power of the salts. 
The base itself is almost insoluble in cold water but dissolves appreciably 
in hot water; it separates again almost completely on cooling in the 
form of fragile colourless leaflets. 

The Hydrochloride, Acetate, and the free Base are brought on 
the market. The first, under the name magenta, is directly employed 
as a dyestuff, and more rarely the second, whilst the last is used only 
in the production of aniline blue. 

The commercial product (usually a mixture of homologues), which 
is exclusively employed in the manufacture of aniline blue, consists of 
usually more or less reddish brown crystalline leaflets. Its examination 
involves a dye trial and an estimation of the water at lOO®. Since many 
kinds of rosaniline, however, are unsuitable for the production of blue 
even though they survive these tests, it is also necessary to ascertain 
their applicability in this direction. 

Concentrated acids — for example, hydrochloric acid — colour rosani- 
line yellow ; the red colour is reproduced by water. Aqueous solutions 
of rosaniline salts give a brownish red precipitate with alkalis and a 
splendid red precipitate with tannin. 

When the solution after treatment with an alkali is shaken with 
ether, the latter acquires a yellowish brown fluorescence ; the magenta-red 
colour is restored by shaking the ethereal solution with dilute acetic 
acid. Sulphurous acid decolorises rosaniline ; the colour is regenerated, 
however, by exposing the solution to the air for a long time. 

Rosaniline is prepared by oxii;lising a mixture of aniline and 
toluidine with arsenic acid or, more generally, nitrobenzene. By this 
means a mixture of aniline and /-toluidine yields pararosaniline, whilst 
ordinary rosaniline is produced if <?-toluidine is simultaneously present. 

Pararosaniline, together with its higher homologues, is employed in 
the manufacture of aniline blue, and is a commercial article. The 
recognised method of examination is a trial fusion for blue. Aniline 
blue, produced from pararosaniline, is characterised By a much purer 
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and greener shade ^than diphenylrosaniline, and has almost entirely 
displaced diphenylamine blue. It can be analysed by titration with 
titanous chloride.^ 

With regard to the examination of rosaniline and pararosaniline, 
Lambrecht and WeiP make the follovTing statement:— 

Commercial rosaniline is soluble in 20 volumes of approximately 
30 per cent, hydrochloric acid on warming. The solution does not 
yield a deposit by cooling even after ;being kept for a day, whilst 
pararosaniline by the same treatment forms the sparingly soluble 
hydrochloride which crystallises ^almost completely on cooling. The 
addition of even 0-5 per cent of pararosaniline to commercial rosaniline 
can be detected by the foregoing treatment by the separation of brown 
crystals after twelve hours’ keeping ; the presence of larger quantities, 
5 to 10 per cent, can be detected by the separation of crystals 
immediately on cooling. 

Magenta. — The commercial product is a mixture of the hydro- 
chlorides of pararosaniline and rosaniline. Rosaniline hydrochloride 
forms more or less well-developed crystals with a cantharides lustre. 
It is sparingly soluble in cold water, but rather more readily in hot 
water ; it dissolves very easily in alcohol. 

Commercial magenta is graded in different brands not only 
according to its purity and shade, but also by its appearance and by 
the size of the crystals. The largest and finest crystals are usually 
termed Diamond Magenta. 

The examination of magenta necessitates a dye trial and also an 
estimation of the moisture at 100°. In some cases a test for arsenic 
is applied. In addition to the hydrochloride, the acetate is occasionally 
met with; it differs from the former by its greater solubility, and 
usually is not crystalline. 

For the volumetric analysis of magenta and new magenta by means 
of acid dyestuffs, see Pelet and Garuti.^ 

New Magenta {M, L. Br.) is produced by heating diaminoditolyl- 
methane and ^?-toluidine hydrochloride with an oxidising agent. The 
commercial product is a green powder which is more easily soluble in 
water th^ ordinary magenta. In other respects it is similar to the 
latter. yT 

\ Magenta (Magenta S). — The dyestuff occurring in commerce 
under this name is generally the acid sodium salt of rosanilinesulphonic 
acid. Its red solution is decolorised by an excess of alkali, and is 
coloured yellowish brown by strong acids only at great concentrations. 

It behaves like an acid dye towards animal fibres, the shade being 
very much Eke that of ordinary magenta. Acid magenta is extensively 

^ Knecht,/. Soc. Dyers and CoL, 1905, 21, 293. 2 ^7, 3031. 

^ Z, Farb, Ind,^ 1908, 7, 44. 
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employed in wool dyeing, and possesses the adva^itage over ordinary 
magenta that it can be mixed with other acid dyes. 

Methyl Violet is produced by oxidising dimethylaniline (heating a 
mixture of dimethylaniline, phenol, sodium chloride, and copper 
sulphate) and consists essentially of the hydrochlorides of penta- and 
hexa-methylpararosaniline. It occurs in amorphous masses with a 
green lustre, and dissolves easily in water with a splenciid violet colour, 
and also in alcohol. Alkalis precipitate the base from the aqueous 
solution in the form of a violet-brown precipitate. Alcoholic solutions 
are decolorised by alkalis. The dye is precipitated almost completely 
from its aqueous solution by sodium chloride. When an aqueous 
solution of methyl violet is treated gradually with a strong mineral 
acid, it acquires at first a blue and then a green colour, and finally, in 
the presence of a large excess, the colour disappears, leaving a dirty 
brown mixture. On dilution with water, the colour changes are 
exhibited in the reversed order. Reducing agents convert methyl 
violet into a leuco base, which is moderately stable in air. 

Methyl violet is one of the most important dyes. Apart from the 
benzylated violets and crystal violet (see below), various bluer and 
redder brands are brought on the market. The latter of these are 
mainly products obtained from a mixture of mono- and di-methylaniline. 

Like rosaniline, methyl violet is a basic dye which fixes directly 
on wool, silk, and leather, whilst cotton requires mordanting with 
tannin. Acids and acid salts retard the development of the colour on 
the fibre. 

Benzyl Violet. — Violet dyestuffs occur in commerce, which in * 
general show a behaviour very similar to that of methyl violet, but 
differ from it in giving much bluer shades. Such dyestuffs are obtained 
by treating the base of methyl violet with benzyl chloride. 

Crystal Violet is prepared by the action of carbonyl chloride on 
dimethylaniline in the presence of zinc chloride. 

Two kinds are brought on the market. Crystal Violet 5BO, forms . 
crystals with a cantharides lustre, or hydrated (SHgO) crystals (yellow) 
with a bronze lustre, which are obtained by drying at the ordinary 
temperature. 

It resembles methyl violet in its behaviour. (For Analysis, see 
Knecht,^) 

Ethyl Violet, obtained from diethylaniline and carbonyl chloride, 
is a green crystalline powder, which produces a bluer colour than the 
preceding. 

Hofmann’s Violet (Iodine Violet), and Violet 4RN are dyestuffs 
which are obtained by the action of methyl iodide or methyl chloride, 
or ethylating agents on rosaniline, and are employed only to a small 

Soc, Dyers and CoU^ 1905, 21, 293. 
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extent. The same true of the products resulting from the action of 
methyl chloride and ethyl bromide on Methyl Violet, which were 
rather more extensively used formerly under the names Methyl Green 
or Ethyl Greem By treatment with fuming sulphuric acid, alkylated 
rosanilines, such as Violet 4RN, etc., are converted into acid dyes, which 
find a limited application under the names Red Violet 4RS, 

Violet 4RSN, Q^.Qx They dye silk in pure, reddish violet shades. The 
sulphonic acids of benzyl violet also oc^ur commercially under the 
name ‘^Acid Violet.” Acid Violet 4BN (B.A.S.F.; Soc. Chevi. hid,, 
Basle) is prepared by warming tetramethyldiaminobenzophenone and 
benzylmethylaniline with phosphoryl chloride and sulphonating the 
resulting benzylpentamethylpararosaniline. Wool and silk are. dyed 
bluish violet in an acid bath. 

The commercial product is a blue powder which dissolves in water 
with a bluish violet colour. Hydrochloric acid produces at first a blue 
precipitate; the colour is changed to green on dilution, and a blue 
solution is the final result. Sodium hydroxide produces a blue 
flocculent precipitate; a colourless solution is obtained on warming. 
The dye dissolves in concentrated sulphuric acid with a yellow colour, 
which becomes olive, then green, and finally blue on dilution with water. 

Formyl Violet {Geigy; Casselld) is obtained by treating benzylethyl- 
anilinesulphonic acid with formaldehyde, and subsequently oxidising the 
product together ^with i mol. of diethylaniline. Its behaviour with 
reagents is like that of the preceding dye. 

Acid Violet 6BN {B,A,S,F, ; Soc, Chem, Itid., Basle) is prepared by 
condensing Michler’s ketone with ?i'2-ethoxyphenyl-/-tolyIamine and 
sulphonating the product. The commercial product is a dark violet 
powder which dissolves in water with a bluish violet colour. The 
solution becomes redder in the presence of hydrochloric acid, and is 
decolorised by sodium hydroxide. Concentrated sulphuric acid 
produces an orange-red solution, which becomes reddish violet and 
then bluish violet on dilution. 

It dyes wool and silk violet-blue from an acid bath. 

Acid Violet 7B (B.A.S.F.; Soc. Chem. Ind., Basle) is obtained by 
treating the chloride of /^-diethylaminobenzoic acid with methyldiphenyl- 
amine and sulphonating the product. 

It dyes wool and silk bluish violet in an acid bath. The dyestuff is 
a violet powder which dissolves in water with a bluish violet colour. 
Hydrochloric acid produces a green solution. Sodium hydroxide gives 
a blue precipitate ; the solution is decolorised on warming. 

^ The dye forms an orange-red solution in concentrated sulphuric 
acid, which becomes violet on dilution. 

Alkali Violet {B.A.S.F.; Soc. Chem. Ind., Basle), — Tetraethyldi- 
aminobenzophenorTe is condensed with methyldiphenylamine, and the 
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product is sulphonated and converted Into the sodyam salt. /Xhe latter 
is a bluish violet powder which dissolves in water with a bluish violet 
colour. The aqueous solution gives a blue precipitate with hydrochloric 
acid ; an excess of the acid produces a yellowish red soljjtion. Sodium 
hydroxide precipitates blue flocks. Concentrated sulphuric acid 
produces a yellowish red solution, which becomes turbid on dilution with 
water owing to the formation of a dirty green precipit^t^. 

In an acid, neutral, or ajkaline bath, wool is dyed in bluish violet 
shades which are moderately fast to milling. 

Alkali Violet R and 4B also belong to this class. 

Fast Acid Violet lOB {Bayer) is prepared by treating tetramethyl- 
diaminobenzhydrol with benzylethylanilinedisulphonic acid and oxidis- 
ing the product 

It is a grey powder which dissolves in water with a reddish violet 
colour. Sodium hydroxide does not cause any change, whilst hydro- 
chloric acid forms a citron-yellow solution. Concentrated sulphuric 
acid produces an orange-yellow solution. Wool is dyed violet-l^lue in 
an acid-bath. 

Acid Violet 6B {Akt, Ges.) is prepared by oxidising the product 
obtained by condensing dimethyl-/-aminobenzaldehyde with benzyl- 
ethylanilinesulphonic acid. It dyes wool bluish violet from an acid bath. 
The commercial product is a bluish violet powder which gives a bluish 
violet solution in water. The solution in hydrochloric acid is bluish 
green, and in sodium hydroxide pale blue to colourless. Concentrated 
sulphuric acid produces a brownish yellow solution, which becomes 
darker on dilution and finally bluish green. 

Fast Wool Blue {Geigy) is the acid sodium salt of tetramethyl- 
ethylbenzylpararosanilinetrisulphonic acid, and dyes wool blue from an 
acid bath. It is a dark blue powder which dissolves in water with a 
blue colour. Hydrochloric acid produces a blue precipitate and then a 
green solution. Sodium hydroxide does not cause any change. 
Sulphuric acid produces a brownish yellow solution which becomes 
green on dilution. 

Hdchst New Blue is prepared by sulphonating the product obtained 
by the action of carbonyl chloride on methyldiphenylamine. Wool is 
dyed blue in an acid bath. The commercial product is a dark blue 
powder which dissolves in water with a blue colour. The solution 
yields a precipitate with hydrochloric acid, and is decolorised by sodium 
hydroxide. Concentrated sulphuric acid produces a brownish red 
solution. 

Eriocyanine {Geigy) is the sodium salt of the anhydride of dibenzyl- 
tetramethylpararosanilinedisulphonic acid. ^ 

In the presence of sodium sulphate and sulphuric acid wool is dyed 
in blue shades which are fast to alkali. 
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Aniline- Blue (Diphenylrosaniline’^) is the basis of a series of very 
important blue dyestuffs. Sometimes it is employed in the form of 
the hydrochloride or acetate, but generally in the form of its various 
sulphonic acids.. 

The commercial products are classified under the following main 
groups : — 

Spirit blue ^ (Diphenylrosaniline ; Hydrochloride or acetate). 

Alkali blue . (Diphenylrosanilinesulptenic acid). 

Water blue . (Diphenylrosanilinedi-, tri-, or tetrasulphonic acid). 

Spirit Blue. — Pure diphenylrbsaniline hydrochloride forms small, 
crystalline needles with a green lustre, which are insoluble in water, but 
dissolve sparingly in alcohol and rather more easily in hot aniline and 
glacial acetic acid. The colour of the solutions is a pure greenish 
blue. 

The base from which the salt is derived is colourless and dissolves 
easily m alcohol, less readily in ether. The solutions have a faint red 
colour. The hydrochloride is precipitated from the alcoholic solution 
by hydrochloric acid. 

The acetate is rather more soluble in alcohol than the hydrochloride. 

Different brands are brought on the market which give colours 
varying from pure greenish blue to violet. 

When silk and wool are to be dyed, an alcoholic solution of the 
dyestuff is added little by little to the bath strongly acidified with 
sulphuric acid. Cotton must be previously mordanted by treating it 
, first with a strong soap solution and their with aluminium acetate. 
The dyeing is then performed in the same way but in a neutral bath. 

The dye is prepared by heating rosaniline base with an excess of 
aniline in the presence of benzoic acid. 

The blue prepared from pararosaniline (triphenylpararosaniline) is 
characterised by a very pure greenish shade. Like ordinary diphenyl- 
rosaniline it is rarely employed as such, but serves chiefly for the 
preparation of the sulphonic acids described below. 

Alkali Blue, — Diphenylrosanilinesulphonic acid, or rather its salts, 
play a very important part in the dyeing industry under the name 
Alkali Blue. Diphenylrosanilinesulphonic acid is a blue powder which 
is sparingly soluble in water. The alkali salts dissolve in water with a 
faint greyish blue colour. They possess the important property of 
being fixed on wool and silk in an alkaline solution. The colour is 
developed completely in an acid or “ reviving ” bath. 

Alkali blue is employed chiefly in wool dyeing. The process of 
dyeing is as^follows The wool or silk is steeped in a bath to which 
borax (about 15 per cent, of the material to be dyed) is added. The 

1 Baeyer and Yilliger, Ber,, 1904, 37, 2870 ; Lambrecht, ihid,, 1907, 40, 247. 
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dye solution is added and the material is dyed in^the watec/bath until 
the dye-bath has been almost decolorised. The operation requires one 
to two hours. The fabric is then removed, washed with water, and 
placed in a reviving bath containing about i per cent of sulphuric acid. 
The faint greyish blue colour of'* the fabric acquires its full blue shade 
in the acid bath. 

Preparation . — Alkali blue is obtained by carefully ^r^ating diphenyl- 
rosaniline with concentrate^^ sulphuric acid. '"The sulphonic acid is 
precipitated by water, thoroughly washed, and converted into the 
sodium salt by evaporation with sodium hydroxide. Dyes producing 
greenish or reddish shades are obtained according to the quality of the 
spirit blue used in the preparation. 

Water Blue. — The term Water Blue comprises the more easily 
soluble polysulphonic acids of diphenylrosaniline. They differ from 
alkali blue in that the free acids are easily soluble in water. 
Moreover a distinction is drawn between the reddish and the greenish 
commercial marks, Water Blue for Silk and Water Blue for Cotton. 
The former is a mixture of the di- with some tri-sulphonic acid. It is 
precipitated from its aqueous solution by acid and sodium chloride, 
differing in this respect from Water Blue for Cotton, which consists of 
the tri- together with the tetra-sulphonic acid. 

Water blue is seldom employed in wool dyeing, since it is distinctly 
inferior to alkali blue in fastness to washing. 

Silk is dyed with water blue in the presence of a little sulphuric 
acid. Cotton is treated first with a strong soap solution and then with 
alum, and is finally dyed in a faintly acid bath. 

Preparation , — Water blue is obtained by the more prolonged and 
energetic treatment of spirit blue with concentrated sulphuric acid. 
Since the easily soluble sulphonic acids are only partially precipitated by 
water from the sulphuric acid solution, the latter is generally neutralised 
by lime, whereby the sparingly soluble calcium sulphate is precipitated 
and the calcium salts of the sulphonic acids remain in the solution, from 
which they are isolated by evaporation. 

Helvetia Blue {Geigy^ is the sodium salt of triphenylpararosaniline- 
trisulphonic acid. It is prepared by condensing 2 mol. of diphenylamine- 
suiphonic acid with i mol. of formaldehyde, and oxidising the resulting 
methanedisulphonic acid with another molecule of diphenylamine- 
sulphonic acid. 

3. Diphenylnaphthylmethane Dyes. 

Victoria Blue B, which is closely related to the rosaniline dyes, is 
prepared by the action of phenyl-a-naphthylamine on- tetramethyl- 
diaminobenzophenone. It dyes wool, silk, and tannin-mordanted 
cotton a beautiful pure blue shade. The commercial product is a 
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violet-black' or glistening bronzy powder, which dissolves in hot water 
and in alcohol with a deep blue colour. Hydrochloric acid produces a 
precipitate which dissolves after the addition of more acid, forming a 
brown solution.. Sodium hydroxide produces a brown precipitate. 
The reddish brown solution in concentrated sulphuric acid becomes 
yellow, then olive-green, and finally blue, on dilution with water. 

Victoria Blue, 4R, which behaves similarly, is obtained from 
tetramethyldiaminobenzophenone and phemylmethyl-a-naphthylamine. 
It produces a redder colour than the brand B. 

Night Blue is produced from tetraethyldiaminobenzophenone and 
/-tolyl-a-naphthylamine. The commercial product is the phosphate. 
It produces on silk bright greenish blue shades which do not alter 
their appearance in artificial light. 

New Victoria Blue {Bayer\ Victoria Blue R (B.A.S,R ; Sac. ChevL 
Ind,^ Basle) is formed by the action of Michler's ketone on ethyl-a- 
naphthylamine, and dyes in rather redder shades than does Victoria 
blue B. 

Acid Blue R (Sandos) is a blue powder which dissolves in water 
with a blue colour. Hydrochloric acid produces a blue precipitate 
which dissolves on further addition of the acid, forming a grey to 
reddish brown solution. Sodium hydroxide docs not affect the 
cold solution, which, however, becomes pale blue on boiling. 
The reddish brown solution in concentrated sulphuric acid becomes 
bluish green on dilution with water. Acid blue R is dyed in the 
presence of 10 per cent, of sodium sulphate and 2 per cent of 
■concentrated sulphuric acid, and produces tlaus on wool a beautiful 
medium blue which in stronger shades may be used as a dark navy 
blue. The dyeings are very fast to alkali and to milling. The dyestuff 
is also employed as a groundwork for logwood black. 

Acid Blue B iSandoz ). — The commercial product is a blue powder. 
The aqueous solution is blue and gives with hydrochloric acid a blue 
precipitate which dissolves in the presence of more acid with a green 
or reddish brown colour. The aqueous solution is not changed by 
sodium hydroxide in the cold, but becomes violet on heating. The 
reddish brown solution in concentrated sulphuric acid acquires a bluish 
green colour on dilution. 

The dye is employed like acid blue R, but produces a greener and 
rather brighter blue. 

Acid Violet 5BS {Sandoz) is a dark violet powder which dissolves 
in water with a violet colour. The aqueous solution yields with 
hydrochloric acid a violet precipitate, which is dissolved by the addition 
of more acid -with a dirty green and finally yellowish brown colour. 
Sodium hydroxide does not change the aqueous solution in the cold ; 
on warming, a reddish violet colour is developed. Concentrated 
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sulphuric acid produces a yellowish brown solution whici becomes 
bluish violet on dilution. 

The dye is employed like acid blue R. It produces on wool a 
violet colour which is fast to alkali and is rather redder than that 
developed by the following dye. * 

Acid Violet 6BNS (Sandos) is a violet powder which dissolves in 
water with a violet colo’ur. The violet precipitate, w];iich is produced 
in the aqueous solution by hydrochloric acid, dissolves on the addition 
of more acid with a green and then yellowish brown colour. By the 
addition of sodium hydroxide the aqueous solution, becomes blue, and 
on wairming pale blue. The yellowish brown solution in concentrated 
sulphuric acid becomes green on dilution and then blue. 

The dye is employed like acid blue R. It dyes wool the same 
shade as does Acid Violet 6BN (B.A.S.F.). The colours are fast to 
alkali and to milling. 

Acid Violet 7BS {Sandoz) is a violet powder. The violet aqueous 
solution yields with concentrated hydrochloric acid a violet precipitate, 
which dissolves in more of the acid with a green and then yellowish 
brown colour. Sodium hydroxide produces in the cold a blue precipitate, 
and in the hot solution a pale blue coloration. The yellowi.sh brown 
solution in concentrated sulphuric acid becomes green and then blue 
on dilution. 

The dye is employed like acid blue R and dyes wool a very pure 
bluish violet colour of the shade produced by Acid Violet yB 
(B.A.S.K ) ; the colours, however, are fast to alkali. 

Wool Green S is prepared by the condensation of tetramethyl- - 
diaminobenzophenone chloride with /3-naphthol and subsequent 
sulphonation. The commercial product is a brown powder which 
dissolves in water with a greenish blue colour. Hydrochloric acid 
produces a yellowish brown solution; sodium hydroxide changes the 
colour to reddish. Concentrated sulphuric acid produces a violet-brown 
solution which becomes yellowish green by dilution. 

Chrome Blue {Bayer) is brought on the market as a black paste, 
and is prepared by the condensation of tetramethyldiaminobenzhydrol 
with a-hydroxynaphthoic acid and oxidation of the product. Chromed 
wool is dyed blue. 

Naphthalene Green V. (and Naphthalene Green concentrated^) is 
prepared by condensing naphtlialenedisulphonic acid with tetra- 
methyldiaminobenzhydrol and oxidising the resulting leuco compound. 
It is a dark red powder, which is sparingly- soluble in cold water and 
dissolves easily in hot water. The- solution yields a dark green 
precipitate with sodium hydroxide and is turned orange-yellow by 
hydrochloric acid. Stannous chloride and hydrochloric acid change 

^ Rev. Ge 7 u Mat Col.^ 1899 , 3 , 198 . * 
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the green colour of tlie solution to yellow without decolorising it even 
at the boiling point. Concentrated sulphuric acid produces an orange- 
yellow solution which becomes rather greener on dilution with water. 
The dye dissolves slightly in alcohol with a green colour. In an acid 
bath wool is dyed rather bluer than^by acid green. It is faster to 
alkali than acid green. 

Brilliant Milling Green B {Casselld)'^ is* a bluish green powder 
which dissolves in water with the same colour. The aqueous solution 
gives a brownish yellow precipitate with hydrochloric acid, and a pale 
orange precipitate with sodium ^hydroxide. Concentrated sulphuric 
acid produces a brownish yellow solution from which a yellowish’ green 
precipitate is obtained on dilution with water. 

4. Rosolic Acid Dyes. 

Yellow Corallin. — The product denoted by this name is not a 
chemical individual. Pararosolic acid, although not the 

chief constituent, is that which has been most thoroughly examined. 
In addition to this acid, there are also present its homologues, as 
well as a large number of other compounds, for example, rosolic 
acid itself, which give shades very similar to that of pararosolic 
acid. 

In the pure state, rosolic acid and pararosolic acid both form red 
crystals with a blue reflex, are insoluble in water, and dissolve moder- 
ately easily in alcohol, ether, and concentrated hydrochloric acid ; the 
solutions are golden yellow. They combine with sodium hydrogen 
sulphite to form colourless compounds. Reducing agents convert them 
into the corresponding leuco-rosolic acids. The rosolic acids combine 
with alkalis to form salts which have a splendid red colour and are 
soluble in water. 

Aurin (as sodium salt) forms orange-yellow masses with a green 
lustre, which dissolve in water with a fine red colour. 

It is prepared by heating a mixture of phenol, oxalic acid, and 
sulphuric acid. 

Red Corallin (Peonin) is the commercial name of a product which 
is obtained by heating aurin with ammonium hydroxide under 
pressure. Probably a partial replacement of hydroxyl by amino- 
groups occurs. The product exhibits a much redder shade than 
aurin, which it otherwise resembles. Acids give a red precipitate 
with the alkaline solution. Aurin and red corallin are employed 
only to a very slight extent in dyeing. They cannot be fixed either 
on wool or silk. Cotton can be dyed by red corallin in a similar 
way as by eosin with the addition of lead acetate, but the colour is 
of a very fugitive character. 

^ ^ Re'V. Gm, Mat Col^ 1900, 4, 8. 
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Rosolic acid dyes form very fine lakes with metallic salts/ which are 
fairly extensively employed in the paper industr}^ Frequently paper 
is dyed by merely soaking it in an alkaline solution of the dyestuff. 

Chrome Violet {Gezgy; Bayer) is the sodium salt of aurintri- 
carboxylic acid, and is produced by warming a mixture of salicylic acid, 
concentrated sulphuric acid, methyl alcohol, and sodium nitrite. The 
dye is fixed by means cTf chromium mordants and produces a violet 
colour. Ifis employed chief^ in calico printing. ^ 

The commercial product is a brown powder which dissolves in water 
with a brownish red colour. 

Sodium hydroxide produces a p^le brown solution, whilst hydro- 
chloric acid precipitates the free acid. The latter is also obtained when 
the brown solution of the dye in concentrated sulphuric acid is diluted 
with water. 

5. Phthaleins. 

Fluorescein, Resorcinolphthalein, O5. — According \o the 

solvent from which it has been separated, pure fluorescein is a 
yellowish red powder, or consists of more or less well-developed 
crystals of a pale yellow to dark red colour. It cannot be melted or 
volatilised without decomposition, but withstands a temperature of 
280'^ ; above this, however, it decomposes, turns brown, and finally 
carbonises. It is almost insoluble in water, but dissolves moderately 
readily in alcohol and ether, still more easily in glacial acetic 
acid. These solutions exhibit generally only a slight fluorescence. 
Fluorescein possesses a ^pronounced acid character and forms salts . 
with alkalis, which are easily soluble in water, and exhibit a magnificent 
green fluorescence even in very dilute solutions. 

Fluorescein is an important intermediate product in the preparation 
of many dyestuffs derived from phthalic acid, and is occasionally 
employed as a yellow dye ; for this purpose it is brought on the 
market in the form of an alkali salt, under the name Uranin. 
Fluorescein dyes wool and silk in an acid bath, and produces a 
greenish yellow colour, which unfortunately shows very little fastness 
to light and air. The quality of a commercial product is determined 
by the purity of the colour but, above all, by the quality of the eosin 
produced from it. 

Preparation , — One molecule of* phthalic acid is mixed with 2 mol. 
of resorcinol, and the mixture is heated at 190 to 200° until it has 
solidified completely and no longer evolves steam. 

Chlorinated fluoresceins are prepared from chlorinated phthalic 
acids (especially tetrachlorophthalic acid), and are employed in the 
production of dyestuffs which are brought on the market under the 
names, Phloxin, Cyanosin, and Rose Bengal. These products are 
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obtained Jn an analogous manner to fluorescein, but differ from it in 
their much feebler fluorescence. 

Chrysolin is prepared by heating a mixture of resorcinol, phthalic 
anhydride, benzyl chloride, and sulphuric acid. It dyes silk and wool 
yellow. 

Eosin is the sodium or potassium derivative of tetrabromo- 
fluorescein. In the pure state, the free acid consists of a reddish 
yellow powder o/‘of more or less well-developed yellowish red crystals. 
It is very slightly soluble in water, and is' rather more easily soluble in 
alcohol and glacial acetic acid, but not in benzene. It separates from 
alcoholic solution in crystals containing alcohol of crystallisation. It is 
a moderately strong dibasic acid, and forms salts with alkalis, which 
dissolve easily in water with a fine red colour. 

Solutions of free eosin do not fluoresce, whilst those of its salts 
exhibit a strong yellow fluorescence. The disappearance of the 
fluorescence by acidification is accompanied by a precipitation of the 
dyestuff if the solution is sufficiently concentrated. 

The commercial product is usually the sodium salt. This consists 
of a red powder which is very easily soluble in water, but more 
sparingly so in alcohol. From aqueous solutions of eosin salts, finely 
coloured lakes are precipitated by metallic salts ; for example, by salts 
of lead, tin, zinc, and aluminium. Eosin is decolorised by sodium 
amalgam ; when the resulting solution is rendered alkaline and treated 
with potassium chromate, the green fluorescence of fluorescein is 
regenerated. If zinc dust is used, the decolorised solution yields eosin 
on oxidation. 

Eosin is one of the most brilliant red dyestuffs. On wool and silk 
it produces a yellowish shade which is very characteristic. When 
cotton is being dyed, a little lead acetate is added to the bath. The 
resulting lead lake then gradually fixes itself on the material. 
Yellowish and bluish eosins are brought on the market ; they differ 
from each other chiefly in their bromine content. As a rule, the more 
yellowish shades are produced by the dyes containing less bromine. 
Eosin is prepared by brominating fluorescein in alcoholic solution. 
It can be estimated with titanous chloride.^ 

Spirit Eosin, Primrose, Eosin BB (Methyl- or Ethyl-eosin). — 
The monoalkyl ethers of eosin, which still contain a hydroxyl group, 
behave like monobasic acids, Theif salts are almost insoluble in water, 
and are only slightly soluble in absolute alcohol, but dissolve easily in 
50 per cent, alcohol. 

The commercial product is generally the sodium or the potassium 
salt. Spirit eosin differs from eosins which are soluble in water, in 
producing a bluer shade which gives magnificent effects, particularly 
^ ^ Knecht,y. Soc. Dyers and CoL, 1905, 21, 294. 


PHTHALEINS 


1011 


on silk. The concentrated solution of spirit eostn is yellowish red, 
and becomes rose coloured on dilution, showing a splendid yellowish 
green fluorescence. Like ordinary eosin, it forms finely coloured 
lakes with most metallic salts. 

Dibromodinitrofluorescein (Safrosin, Nopalin, Eosin Scarlet), — 
The dyestuff is a strong acid which separates in yellow needles from 
alcohol and glacial acetic acid, in which it is only /^mringly soluble. 
The salts are easily soluble in water, producing a yellowish red or a 
rose colour in concentrated or dilute solution respectively. The 
solutions do not fluoresce, and this ^ye is thus sharply distinguished 
from the eosins. In ammoniacal solution, the dye is decolorised by 
zinc dust ; the solution, however, acquires a bluish red colour owing to 
atmospheric oxidation. The commercial product is generally the 
sodium salt. 

The dyestuff exhibits a bluer shade than the eosins and is dis- 
tinguished from these by its greater colour intensity. It is employed 
chiefly on wool, less frequently on silk and cotton. Before the discovery 
of the azo dyes, it was employed, mixed with yellow dyestuffs (particu- 
larly dinitronaphthol), for the production of scarlet-red shades. 
Dibromodinitrofluorescein is prepared by treating fluorescein succes- 
sively with nitric acid and with bromine, or by the action of nitric acid 
on eosin. 

Tetraiodofluorescein (Erythrosin, Eosin J) is very similar to 
eosin in its chemical properties, but differs from it, however, in its 
much bluer shade and also in the absence of fluorescence. It is very 
easily detected by heating it in a test tube with sulphuric acid, whereby 
the violet vapour of iodine is evolved. It produces a very fine rose 
colour, especially on silk ; its application is confined almost entirely 
to dyeing silk and paper. 

Phloxin, Cyanosin, Rose Bengal. — These substances bear the 
same relation to the di- and tetra-chlorofluoresceins prepared from 
chlorinated phthalic acids as eosin, spirit eosin, and erythrosin do 
to ordinary fluorescein. Phloxin is the bromine derivative, and rose 
Bengal the iodine derivative of these chlorinated fluoresceins. Their 
solutions do not fluoresce, although this property becomes apparent on 
silk dyed by them. Cyanosin is the ethyl ether of phloxin and, 
analogously to the eosin ethers, is soluble only in dilute alcohol. 

In comparison with the non-chlorinated eosins, these derivatives 
are characterised by their bluer shades. They are numbered amongst 
the finest red dyestuffs and are employed almost exclusively in silk 
dyeing. (For analysis, cf. Jean., Rev, Gen, Mat. Col,, 1908, 12, 2.) 

Rhodamine B (B.A.S.R; Soc. Chem, Ind., Basle; M, L. Br.) can be 
regarded as fluorescein, in which two hydroxyl groups are replaced 
by two ethylated amino-groups, * 
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It is obtained by heating diethyl-;;^-aminophenol with phthalic 
anhydride or by the interaction of diethylamine and fluorescein 
chloride. 

Rhodamine possesses basic properties owing to the presence of the 
substituted amino-groups. It dyes rsilk, wool, and tannin-mordanted 
cotton a bluish red shade which surpasses the eosin colours in beauty. 
Rhodamine is inpderately fast to light. 

The commercial product is a red powder which dissolves in water 
and in alcohol with a red colour. Dilute solutions exhibit a strong 
fluorescence. At the ordinary temperature sodium hydroxide does not 
cause any change ; by heating, red flocks are produced and the odour 
of diethylamine becomes appreciable. An excess of hydrochloric acid 
produces a yellowish red solution which acquires a violet tinge on 
dilution. It dissolves in concentrated sulphuric acid (with the evolution 
of hydrochloric acid), forming a brownish yellow solution which becomes 
yellowish red and then bluish red on dilution with water. 

Its analysis can be carried out with titanous chloride.^ 

Quite similar, and differing only in the shade, are Rhodamine 3B 
(the ethyl ester of the preceding dye), Rhodamine G (consisting chiefly 
of triethylrhodamine), and Rhodamine 6G (the ethyl ester of i’-diethyl- 
rhodamine). 

Rhodamine S is prepared by heating succinic anhydride with 
dimethyl-;;^-aminophenol. The commercial product dissolves in water 
with a red colour and a yellow fluorescence. The solution is decolorised 
by sodium hydroxide. 

It is employed in dyeing cotton in place of safflower carmine. 
The unmordanted fibre is dyed a very fine rose-red in an acetic acid 
bath. 

Fast Acid Eosin G (Af. i. Br,) ^ is a red powder which dissolves 
easily in water with a greenish yellow fluorescence. The solution 
becomes strongly reddish yellow and the fluorescence is diminished in 
the presence of sodium hydroxide. Hydrochloric acid is without action. 
Concentrated sulphuric acid produces a pale yellow solution. 

In the presence of 10 per cent, of sodium sulphate and 4 per 
cent, of sulphuric acid, wool is dyed in very pure, fluorescent rose 
shades. The fastness to light is better than that of the rhodamine 6G 
colours. 

Similar dyestuffs are Fast Acid Phloxin A, Cotton Rhodine BS, 
Irisamine. 

The Violamines or Fast Acid Violets also belong to this class. 
They are obtained by heating fluorescein chloride with aniline (and 
similar anunes) and subsequently sulphonating the product, or by the 

^ Knecht,y; Soc, Dyers and CoL^ 1905, 2I, 294. 

2 Rev, Gen, Mat Col^ 1899, 3, 90. 
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condensation of ///-hydroxydiphenylamine (and jts analogues) with 
phthalic anhydride. 

Violamine B or Fast Acid Violet B (Af. Z, Br^ is a dark violet 
powder which dissolves in water with a violet colour.. The solution 
yields a blue flocculent precipitate with hydrochloric acid, and is 
unchanged by sodium hydroxide. Sulphuric acid produces a yellowish 
red solution which gives a blue precipitate on dilution.. • 

It dyes silk and wool in violet shades which are moderately fast to 
light and milling. 

Similar dyestuffs are Violamine R, Violamine G' (Acid Rosamine 
A), Violamine 2 R (Fast Acid Blue R^. 

Gallein and Coerulein. — Gallein is produced by heating gallic 
acid with phthalic anhydride. It is a brown powder which is insoluble 
in water, and dissolves in alkalis with a red colour which becomes blue 
in presence of excess of the alkali. 

Gallein, as such, is of little importance in dyeing; it constitutes, 
however, the material from which is produced Coerulein, a dye of 
great importance in calico printing. 

Coerulein is obtained by heating gallein and concentrated 
sulphuric acid at about 200°. It is a blue-black powder which is 
insoluble in water, alcohol, and ether. It is slightly soluble in glacial 
acetic acid with a green colour. It forms a colourless soluble 
compound with sodium hydrogen sulphite. This property and the 
fact that it forms lakes with chromium oxide and alumina account for 
its application in dyeing. 

The bisulphite compound, mixed with chromium acetate, is printed 
on the material, which is then steamed. By this procedure the 
bisulphite compound is decomposed and the chromium oxide lake is 
produced. In this way coerulein develops a dark green colour which 
is very fast to soaping and to light, 

Coerulein is also employed extensively for dyeing chromed wool. 

The commercial products are : Coerulein Paste, a black paste, and 
Coerulein S, a powder or a paste (the bisulphite compound), 

VI. HYDROXYQUINONES AND QUINONEOXIMES. 

I, Anthracene Dyes. 

Dyestuffs derived from anthracene, of which alizarin is the most 
important representative, constitute a class which is sharply distin- 
guished from other coal tar dyes, not only in respect of their 
preparation, but also in their application. The anthracen'f dyestuffs 
are chiefly employed in calico printing and in cotton dyeing ; but their 
consumption in wool dyeing has attained large dimensions in recent 
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years. They produce shades which (with the exception of Turkey 
Red) are usually not so bright as those given by other coal-tar dyes, 
but possess the advantage of great stability. 

Alizarin (.Dihydroxyanthraquinone), Q^HgOg. Pure alizarin 
forms reddish brown needles. It nrelts at 289 — 290°, and at higher 
temperatures sublimes in red needles. It is almost insoluble in 
cold water and .dissolves very sparingly in hot water. It is also 
sparingly soluble in cold alcohol, rather more easily in boiling alcohol, 
and dissolves fairly readily in glacial acetic acid, methyl alcohol, 
acetone, or glycerol. All these solutions have a yellowish red colour. 
Concentrated sulphuric acid has no action on alizarin even at 150 — 
200°. Alizarin is insoluble in a boiling solution of alum. 

It behaves towards alkalis like a weak dibasic acid. The alkali 
salts are easily soluble in water, the primary salts with a red, and the 
secondary salts with a purple-violet colour. The former are produced 
by dissolving alizarin in solutions of carbonates or other alkaline salts, 
the latter are formed in an excess of the alkali hydroxides. The heavy 
metals and the metals of the alkaline earths form usually sparingly 
soluble lakes which are distinguished by more or less characteristic 
colours. These lakes are produced by precipitating a solution of the 
alkali derivative by the metallic salt in question, and also by the direct 
combination of alizarin with the metallic oxide. The analysis of 
alizarin dyestuffs b}^ the application of this property can be effected by 
Dreaper’s method.^ 

The different colours of the alizarin lakes are of great importance 
in the dyeing industry; by their means very diverse shades, varying 
from a fiery red to a deep blackish violet can be obtained. 

Alizarin is fixed on fabrics entirely in the form of its lakes, of 
which those of aluminium, chromium, and iron are of chief importance. 

Artificial alizarin is brought on the market usually in the form of 
a paste. The amount of alizarin varies between 20 and 60 per cent, 
according to circumstances, but a 20 per cent paste is the commonest 
form. 

The consistence of the paste gives no indication of the amount of 
alizarin. A quite neutral article is thin; viscous pastes, such as are 
preferred by many consumers, contain a trace of free acid. For export, 
a 100 per cent, alizarin is manufactured ; this is either converted into 
a 20 per cent, paste by solution in sodium hydroxide and reprecipitation 
by an acid or in the form of an alkaline solution is introduced directly 
into the dye-bath, where it is precipitated by a suitable acid. 

Alizarin mixed with starch is also placed on the market in the 
solid fornrr Other methods are also adopted for producing the dry 
material or a material containing a large percentage of the dyestuff.® 

^ J, Soc, Che?n. fnd.^ 1893, 12, 977. ^ Gnehm, Anthracenfarbstqffe^ 1897, p. 33. 
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Pure alizarin, so-called Blue Shade Alizarin ^(Alizarin VI., etc.) 
dyes cotton bluish red when it is mordanted with alumina, and pure 
violet when an iron mordant is used. 

Other substances, in addition to alizarin are present in the 
commercial product : Anthrapurpurin, Flavopurpurin, and also non- 
dyeing compounds such_ as hydroxyanthraquinone, anthraflavic acid, 
A^anthraflavic acid, etc. ^ • 

A dye-trial is usually coi^sidered sufficient for testing alizarin ; a 
more thorough examination is necessary for an accurate estimation. 

Estimatio 7 i of the Residue after Drying . — About 20 g. of the paste 
under examination are heated in a weighed platinum dish in an air- 
bath at 100 — no'" until thq weight is constant. The percentage of 
ash is determined by igniting the residue. To detect hydroxyanthra- 
quinone (and anthraflavic or A^anthraflavic acid), a portion is dissolved 
in sodium hydroxide and the hot solution is treated with a solution of 
barium chloride and filtered. The filtrate is treated with a solution of 
sodium carbonate at the boiling point, filtered again, allowed to cool, 
and acidified with hydrochloric acid. Hydroxyanthraquinone or 
anthraflavic acid or Ai?anthraflavic acid separates in yellow flocks. 

For the laboratory dye tests it is best to use calico printed with 
mordants. Calico, suitably prepared for this purpose, is placed on the 
market ; it is printed with different mordants in equally broad, parallel 
strips. The mordants are usually pure alumina and pure iron mordants 
and a mixture of both. One of these pieces of calico is cut into halves 
across the strips and the two halves are quantitatively dyed with the 
sample and standard colour respectively. In some cases the dye-trial 
is more suitably performed on strips or skeins mordanted for 
Turkey-Red. 

In this way some knowledge can be obtained of the behaviour of 
the sample under examination in the reviving '' bath. 

Preparation . — Artificial alizarin is prepared by heating anthra- 
quinonemonosulphonic acid and sodium hydroxide in the presence of 
an oxidising agent (potassium chlorate or nitrate). The alizarin 
precipitated from the alkaline solution by hydrochloric acid, is carefully 
washed and brought on the market in the form of a paste. 

Anthrapurpurin (A^?Purpurin), i .*2:7- Trihydroxy anthraquinone 
crystallises in anhydrous, orange needles, which are easily soluble in 
alcohol or glacial acetic acid and sparingly soluble in ether. It melts 
above 330°. The alkaline solution is rather redder than that of 
alizarine. It differs from purpurin in that it is less soluble in a 
boiling solution of alum. With aluminium mordants it produces a 
yellower red than alizarin, whilst the iron lake yields a greyish violet 
of little value. 

Pure anthrapurpurin is put on the market as Alizarin SX and 
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SSA {Brit. Alisariii.e Co.), GD, RX, Sx extra, Sx, RT, and WG (for 
wool). 

Flavopurpurin, 1:2: 6-Trihydroxyanthraquinone. — Pure flavo- 
purpurin crystallises in anhydrous yellow needles, which are almost 
insoluble in water, but dissolve easily in cold alcohol and also in 
glacial acetic acid. Its melting point is above 330^'. 

The solution ^in alkalis is redder than that of 2>(?purpurin ; by 
dilution with water it becomes dirty yellowish red. It dissolves in 
sodium carbonate with a yellowish red colour. With alumina mordants 
it produces a very yellowish red, and with iron mordants a reddish 
violet. 

Pure flavopurpurin is put on the market as Alizarin YCA and GB 
{Brit. Alizarine Co.), GI, RG, SDG, X, No. 10, FA, and Alizarin Red 
WGG (for wool). 

Alizarin, anthrapurpurine and flavopurpurin can be distinguished 
by th^ different colours of their alkaline solutions. With aluminium 
mordants alizarin produces the “bluest” red, the finest “rose” and 
“ violet.” Anthrapurpurin yields yellower shades than alizarin, 
although not so yellow as those produced by flavopurpurin. Flavo- 
purpurin gives the yellowest shades ; the colours of the last, however, 
are more appreciably affected in a reviving bath. 

The following process is recommended by Perkin ^ for the estimation 
of an alizarin paste : — 

Five grams of the paste (20 per cent) are dissolved in distilled 
water and the solution is made up to i litre. ^Five c.c. of the solution are 
mixed with 5 c.c. of 2 per cent, potassium carbonate, diluted to 500 c.c., 
and the colour is examined. 

In this way, with a little practice, it is easily possible to detect even 
very slight differences of shade ; for example, that produced by the 
addition of 3 to 5 per cent, of anthrapurpurin to alizarin. 

The composition of a paste can also be ascertained to a certain 
extent by the fact that solutions of mixtures of alizarin and anthra- 
purpurin are clear and pale, whilst those of alizarin and flavopurpurin 
are considerably darker. 

Among the commercial products occur many mixtures of these 
three hydroxyanthraquinones in various proportions. 

All of these products are tested by the process described under 
Alizarin. 

Flavopurpurin and zk^jpurpurin are obtained by fusion of the two 
isomeric anthraquinonedisulphonic acids, the former from the a-acid, 
the latter from the / 3 -acid. Both are common constituents of artificial 
alizarin. ^ 

Purpurin (1:2:4- Trihydroxyanthraquinone). — Purpurin crystal- 

^ ^ /. Soc, Chem. Ind,, 1894 , 13 ) 496 . 
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lises from aqueous alcohol m long, yellow needles, which contain i mol. 
of water of crystallisation, and become red and anhydrous at roo°. It 
sublimes at about 150° in red feathery needles, and melts at 253°. It 
is much more soluble than alizarin in boiling water, and also in 
alcohol and ether. The solution '•in alkalis is red, appearing purple in 
thin layers. A dilute alkaline solution is very quickly bleached in air 
and light. With lime and baryta it forms lakes v^hich are quite 
insoluble in hot water. A boiling solution of alum dissolves a consider- 
able amount of purpurin, forming a yellowish red, strongly fluorescent 
solution, from which a precipitate separates on cooling, consisting of 
free purpurin and the aluminium lake? 

An insoluble rose-red lake is produced when a solution of purpurin 
in sodium carbonate is treated with an insufficient quantity of alum. 
With aluminium mordants purpurin gives scarlet to dark red shades, 
which become particularly bright on soaping. 

Artificial purpurin is obtained by oxidising alizarin with man- 
ganese dioxide or arsenic acid and sulphuric acid, and is placed on the 
market in the form of a 20 per cent, paste under the name “ Alizarin 
No. 6,” or Purpurin. 

It finds little application on account of its slight fastness to light 
and its high price, and because the same shade can be produced by the 
more readily available and faster 2>^>purpurin. 

In the form of its dark chromium lake it is employed in calico printing. 

Anthragallol (1:2: 3-Trihydroxyanthraquinone). — This substance is 
produced by the action of benzoic acid on gallic acid in the presence of 
a dehydrating agent 

Anthragallol is fixed on chromed fabrics with a deep brown colour, 
and is fairly extensively employed in wool dyeing under the names 
‘‘Anthracene Brown” or “Alizarin Brown.” It comes on the market 
as a dark brown paste. 

Anthragallol dissolves in concentrated sulphuric acid and in alkalis 
with a brown colour. 

Alizarin Orange (/ 5 -Nitroalizarin). — / 3 -Nitroalizarin forms yellowish 
needles or leaflets melting at 244°. It sublimes in yellow leaflets, at 
the same time partly carbonising. 

With regard to its solubility in water, alcohol, glacial acetic acid, etc., 
it behaves very much like alizarin. Its salts dissolve in water with a 
purple-red colour, but are precipitated by an excess of alkali. Nitro- 
alizarin forms brown lakes with lime and baryta. It produces a reddish 
orange colour with aluminium mordants, and a reddish violet with iron 
mordants. It constitutes the chief ingredient of the brownish yellow 
pastes which are brought on the market under the nagies, Alizarin 
Orange AO {Bnt, Alizarine Co,\ Alizarin Orange A, D, Alizarin OR,, 
OG,, etc, 
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^ Preparation, — ^-Nitroalizarin is prepared by the nitration of 
alizarin borate or by the action of nitrous acid on alizarin, which, 
for this purpose, is suspended in glacial acetic acid or nitrobenzene, or 
is spread out in thin layers on a flat surface. 

Alizarin Ofange G, /3-Nitroflavo^urpurin {M, L, Br,), is similar 
to the preceding dye. 

Alizarin Maroon {B,A.S,F,) is a dark reddish brown 20 per cent, 
paste, consistin^^ probably of a mixture of various aminoalizarins and 
aminopurpurin. It dissolves in sodium hydroxide • with a violet 
colour. It produces Bordeaux shades with aluminium mordants, and 
dark brown shades with chromiun:> mordants. 

Alizarin Claret {Brit, Ali’^arine Co,), Alizarin Garnet R {M, L. Br.), 
and Alizarin Cardinal {Bayer) are reddish brown pastes consisting of 
a*aminoalizarin. The aluminium lake is violet red ; the chromium 
lake steel blue. 

Alizarin Red S powder {Brit. Alizarine Co.), Alizarin WS, is the 
sodium- salt of alizarinmonosulphonic acid ; the commercial product 
is an orange powder which dissolves in water and in alcohol with a 
reddish yellow colour. The solution becomes paler in the presence of 
hydrochloric acid, and is turned violet by sodium hydroxide. Con- 
centrated sulphuric acid produces a yellowish red solution. It is suit- 
able for dyeing mordanted wool. The aluminium lake is bright scarlet 
red; the chromium, iron, and tin lakes produce brown, violet, and 
orange-yellow colours respectively. 

Similar dyestuffs are Alizarin 2S (the sodium salt of anthra- 
purpurinmonosulphonic acid) and Alizarin 3S (the sodium salt of 
flavopurpurinmonosulphonic acid), which produce more yellowish 
shades. 

Alizarin Bordeaux B {Bayer) is a tetrahydroxyanthraquinone, 
and is prepared by treating alizarin with fuming sulphuric acid, and 
subsequently hydrolysing the initially formed tetrahydroxyanthra- 
quinone sulphate. The commercial product is a brownish red paste 
which dissolves in sodium hydroxide with a reddish violet colour. It 
is employed in cotton and wool dyeing. The aluminium lakes are 
Bordeaux-red, the chromium lakes violet-blue and very fast to light, 
soaping, and acids. 

Allied compounds are put on the market under the names Bordeaux 
«bD,” ‘^GG,” “GD,” and “GDD,*^ and are employed in wool- 
dyeing with a chromium mordant. 

Alizarin Cyanin R {Bayer) is prepared by oxidising alizarin 
Bordeaux, dissolved in sulphuric acid, by manganese dioxide, and 
treating the product with a dilute acid. In this way pentahydroxy- 
anthraquinone is obtained. 

The commercial^ product is a dark brown paste which is insoluble 
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in water, but dissolves in sodium hydroxide with a blue colour. Hydro- 
chloric acid precipitates the dyestuff from the alSaline solution as a 
dark blue mass. The lakes produced on chromed wool are very similar 
to those of alizarin blue. 

Alizarin Cyanin G {Bayer) is^obtained by treating with ammonium 
hydroxide the intermediate substance formed in the preparation of 
Alizarin Pentacyanin R. - The commercial product is^a black paste, 
which is insoluble in water but dissolves in sodMim hydroxide or 
ammonium hydroxide with a bluish green colour. The dyestuff 
dissolves in concentrated sulphuric acid with a red colour: * Chromed 
wool is dyed in greenish blue shade'^. The colours are characterised 
by great fastness to light and to alkalis. : 

Other brands of Alizarin Cyanin brought on the market are : 
2R, 3R, RA, RA extra, 3RA, RG, G, G extra, GG, WRR, WRB, GS 
extra, 3RS, RS, R extra, RR, P. 

Alizarin Viridin in paste {Bayer) forms a green chromium lake. 
It is particularly suitable for printing both oiled and ordinary cotton. 
It is a sulphonated Quinizarin Green. Closely related to it is Anthra- 
quinone Green GX {B.AS.F.) ^ 

Alizarin Cyanin Green {Bayer)^^ a dyestuff of similar constitution, 
is put on the market as a black paste, which contains sodium chloride 
and is slightly soluble in water and in alcohol with a green colour. The 
colour of the aqueous solution is unchanged by hydrochloric acid or 
sodium hydroxide. By the addition of an excess of acid a precipitate 
is formed and the liquid becomes yellowish green. The dry dyestuff 
freed from sodium chloride, is a dark blue-black powder, which dissolves 
in concentrated sulphuric acid with a violet colour ; on the addition of 
water the solution becomes green and the dyestuff is precipitated. 

It can be dyed on wool in an acid bath or by means of chromium 
mordants. 

Alizarin Cyanin Green G extra and E are also brought on the 
market in the form of powders.^ 

* Alizarin Cyanin Black G {Bayer) is a dark brown paste which is 
insoluble in water. By treatment with dilute hydrochloric acid a 
violet-red solution is produced ; an excess of the acid precipitates 
orange-red flocks. A blackish flocculent precipitate is obtained by the 
addition of sodium hydroxide to the solution in hydrochloric acid. 
Concentrated sulphuric acid dissolves the dry dyestuff with a violet 
colour ; on dilution with water orange-red flocks are precipitated. 

With chromium mordants the dye yields a black, which is very fast 
to light and to milling. It is probably the sulphonic acid of the 
toluidide of purpurin. 

^ Friedlaender and Schick, Z Fark Chem.^ 1 904, 3, 220. ^ I, 81. 

2 Friedlaender and Schick, Z, Park Ind,^ 1903, 2 , 4^9, 
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Alizarin Blue Bl^ck is a similar dyestuff. 

Alizarin Sky Blue is the monosulphonic acid of i-amino-4-/- 
toluidino-2-bromoanthraquinone.^ 

Alizarin Saphirol is probably prepared from i : 5-dinitroanthra- 
quinone, and is a diaminoanthrachrysonedisulphonic acid. It dyes 
wool in an acid bath in the presence of sodium sulphate. 

Alizarin IrlsQl R {Bayer) is i-hydroxy-4-sulphotoluidinoanthra- 
quinone, and is placed on the market bojh as a powder and a paste ; 
it produces level dyeing in an acid bath. It develops clear bluish violet 
shades on wool, which are changed to bluish green by chromium salts. 

Alizarin Astrol B {Bayer) is i-methylamino-4-sulphotoluidino- 
anthraquinone, and produces very levek dyeing, the colour being 
remarkably fast to light. It produces a greener shade than alizarin 
saphirol. 

Anthracene Blue WR (B.A.S.F,) consists of hexahydroxyanthra- 
quinope and is obtained by the action of fuming sulphuric acid on 
I : 5-dinitroanthraquinone. The commercial product is a blackish brown 
paste which is insoluble in water but dissolves in sodium hydroxide 
with a blue colour. The dry dyestuff forms a brownish violet, fluor- 
escent solution in concentrated sulphuric acid. Chromed wool is dyed 
a reddish blue. 

Similar dyestuffs are Anthracene Blue WG (which produces a 
greenish blue). Anthracene Blue WB (which dyes sky blue), Anthracene 
WRR, and Anthracene Dark Blue W. 

The following brands are soluble in watej:: Anthracene Blue SWG 
" (greenish blue), SWB (sky blue), and SWR (reddish blue). 

Brilliant Alizarin Cyanin R {Bayer) probably also belongs to 
the same class. 

Acid Alizarin Blue BB and GR (Af. Z. Zr.), the sodium salts of hexa- 
hydroxyanthraquinonedisulphonic acid, are produced by boiling diamino- 
anthrachrysonedisulphonic acid with alkalis, and dye wool red from an 
acid bath. The colours become blue on subsequent treatment with 
chromium fluoride. The commercial product (a powder) dissolves in 
water with a red colour. The solution is changed to bluish violet by 
sodium hydroxide, and the dyestuff is precipitated by an excess of 
the alkali. The aqueous solution is unchanged by hydrochloric acid. 
Concentrated sulphuric acid produces a reddish blue solution. 

Acid Alizarin Green B and G (iZ Z. Zn), the sodium salt of disulph- 
hydroanthrachrysonedisulphonic acid, is obtained by reducing dinitro- 
anthrachrysonedisulphonic acid in alkaline solution by sodium sulphide. 
It dyes wool greenish blue from an acid bath ; by subsequent treatment 
with chromium fluoride or potassium bichromate, a green is produced 
which does not alter in artificial light. 

^ Friedlaender and Schick, Z. Park Ind.^ 1904, 3, 23 Q. 
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The dyestuffs are reddish or greenish blac^ powders forming 
bluish green aqueous solutions which are turned violet by sodium 
hydroxide and redder by hydrochloric acid. Concentrated sulphuric 
acid produces blue or red solutions which become violet pn dilution. 

Alizarin Blue ABT {Brit Alizarine Co.); Alizarin Blue (B.AS.F.), 
DihydroxyanthraquinonequinoHne ; Alizarin Blue BSS (sodium salt : 
Brit. Alizarine Co.). ** ^ 

Pure alizarin blue crystallises in brown needl^ with a coppery 
lustre, melting at 270°, and can be sublimed with partial decomposition. 
It is insoluble in water and only slightly soluble in alcohol, but dissolves 
easily in amyl alcohol and glacial acetic acid. It behaves as a weak 
acid and also as a weak base. It forms a blue solution in alkali, 
provided the latter is not in excess. An excess of the alkali produces a 
green flocculent precipitate of the corresponding salt It dissolves in 
strong acids, forming salts which are decomposed by water. In an 
alkaline solution it is reduced by zinc dust, forming a soluble derivative 
which is applicable in vat-dyeing. 

With sodium hydrogen sulphite alizarin blue forms a compound 
which is soluble in water ; the dye is now used almost entirely in the 
form of this compound, which is brought on the market under the name 
Alizarin Blue ABS (Brit. Alizarine Co.), Alizarin Blue S. It is 
a brown crystalline powder which dissolves easily in water with a 
reddish colour. 

Alizarin blue is chiefly employed in dyeing chromed wool; it is 
also applied in printing,^ for which purpose the bisulphite compound, 
Alizarin Blue ABS, is most frequently used. 

This compound together with chromium acetate is printed on the 
fabric, on which the metallic lake, produced by steaming, is fixed. The 
shade is an indigo-blue. 

Preparation . — Alizarin blue is prepared by heating at about 150° 
a mixture of /3-nitroalizarin (or ^-aminoalizarin and nitrobenzene), 
glycerol, and sulphuric acid. 

Alizarin Green S (AT. L. Br.) is the bisulphite compound of a-alizarin- 
quinoline and is produced from a-aminoalizarin by a process similar 
to the preceding. The commercial product is either a violet-blue paste 
or a dark powder ; it dissolves in water with a violet-red colour, but is 
insoluble in alcohol. Sodium hydroxide produces a red solution. The 
red solution in concentrated sulphuric acid yields bluish green flocks of 
the dyestuff on dilution with water. With chromium, and particularly 
with nickel mordants, it forms green lakes of considerable fastness. 

Alizarin Green S in paste (B.A.S.F.) — Preparation . — ''Alizarin 
Blue Green,” produced by the action of fuming sulphuric acid on 
alizarin blue, is warmed with ordinary sulphuric acid, whereby a 
mixture is obtained consisting of tri- and tetra-hych'oxyanthraquinone 
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quinolines and their sulphonic acids. The commercial product, which 
is a yellowish brown liquid, contains the bisulphite compound. When 
heated alone, or, better, with hydrochloric acid, the double compound 
is decomposed and alizarin green is produced. The commercial 
product forms a violet solution in aodium hydroxide. It produces 
bluish green lakes with chromium mordants. 

Alizarin Grgen SW, as a paste and a pov^der, is prepared specially 
for wool dyeing aftd printing. ^ 

Alizarin Indigo Blue S (B.A.S.F.) is prepared in a similar way. 
The commercial product is the sodium hydrogen sulphite compound of 
Alizarin Indigo Blue, and consists'" of a dark yellowish red liquid; which 
yields alizarin indigo blue on boiling. Sodium hydroxide produces 
a blue solution. The chromium lake is indigo-blue. The marks 
Alizarin Indigo Blue SW and SMW are particularly adapted for 
wool dyeing. 

Alizarin Black P (M. L. Br.) is flavopurpurinquinolinc, and is 
obtained from /3-nitroflavopurpurin by a process similar to the pre- 
paration of alizarin blue. The commercial product is a greenish 
black paste, which is sparingly soluble in alcohol and insoluble in water. 
Sodium hydroxide produces a dirty green solution. The dyestuff is 
used in cotton printing and wool dyeing. The chromium lake is grey 
to black. 

Alizarin Black S {M, L, Br.) is the bisulphite compound of the brand 
P. It is a brown solution which becomes blackish violet on the addition 
of sodium hydroxide. Hydrochloric acid prod^uces a black precipitate. 

^ . The dyestuff is employed in printing. 

Indanthren S (Scholl)'^ (B.AS.F.) is obtained by heating ^-amino- 
anthraquinone with potassium hydroxide at 250° (R. Bohn), and is 
W-dihydro-i : 2 : 2' : I'-anthraquinoneazine. It possesses a feeble basic 
character, and represents the first true real vat dye- of the anthracene 
series. 

It is insoluble in most organic solvents, and dissolves best it boiling 
quinoline. 

With sodium hyposulphite and sodium hydroxide it forms immedi- 
ately a blue vat, from which cotton directly absorbs the dyestuff without 
greening. 

Indanthren C (B.A.S.F.) is a mixture of di- and tri-bromo- 
indanthren, and is obtained by the direct action of bromine on 
indanthren. The colours are very fast to chlorine and arc greener 
than those of brand S. It is not to be recommended for printing. 
The commercial product is a greyish blue paste. 

Flavantliren is prepared by heating / 3 -aminoanthraquinone with 
potassium hydroxide to 330'"— 350*" in the presence of air, or to 270° in 
^ ^ Ber.y 1903, 36, 3426. 
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presence of potassium nitrate. It gives a violet-blue vat, and dyes the^ 
same colour, which is, however, rapidly changed to yellow by atmospheric 
oxidation. The brand R is more highly purified and redder than the 
brand G. 

Indanthren CD is dichloroindanthren. It is suitable only for calico 
printing. 

Melanthren B is pr^ared by an analogous method to indanthren, 
a diaminoanthraquinone being substituted for the moj^oamino-derivative. 
It is a greyish paste and gives a brown vat ; the dyeings are grey. 

Fuscanthren is obtained by submitting the formaldehyde com- 
pounds of certain diaminoanthraquiribnes to the same reaction. It is 
a reddish brown dyestuff an4 gives a yellowish brown vat. 

Cyananthrett B double is prepared by melting benzanthrone- 
quinoline with alkali hydroxides. 

Violanthren is similarly obtained from benzanthrone.^ 

Cibanone Black G and R, Cibanone Yellow R, Cibanone Orange 
R, Cibanone Brown B and V, are anthraquinone vat dyes containing 
sulphur. 

2. Naphthalene Dyes. 

Naphthazarin (Dihydroxynaphthaquinone) is prepared by heating 
dinitronaphthalene with a solution of sulphur sesquioxide (a solution of 
sulphur in fuming sulphuric acid). The commercial product, Alizarin 
Black S, SW, SRW, WR, Naphthazarin S, Alizarin Blue Black 
RW, is the bisulphite compound of the dihydroxynaphthaquinone 
thereby produced. The commercial article is a brown paste (or a dark 
powder). It is insoluble in cold water, but dissolves in hot water with 
a brown colour. It dissolves in alcohol with a yellowish brown colour 
and greenish yellow fluorescence, in sodium hydroxide with a fine blue 
colour, and in hydrochloric acid with a brownish red colour. The dirty 
yellowish brown solution in concentrated sulphuric acid evolves sulphur 
dioxide on heating, becomes red, and gives a black precipitate on 
dilution. The chromium lake is black, and is characterised by great 
fastness to light, air, milling, and acids. 

Alizarin Black SRA is the bisulphite compound of an anilide of 
naphthazarin. 

Alizarin Black WX (B.AS.F,) is tetrahydroxynaphthalene. 

Alizarin Dark Green (B,A,S.F.) is produced in the naphthazarin 
fusion in the presence of phenols. * 

Fast Black B (B.A.S.F,) is prepared by treating i : 8-dinitronaph- 
thalene with an aqueous solution of sodium sulphide. The commercial 
product is a blackish blue paste which is insoluble in water and alcohol, 
and forms a violet solution by warming with sodium^ hydroxide. 
Unmordanted cotton is dyed a fast black in an alkaline bath. 

^ Brown, y, Soc. Dyers mid CoL, 1906, 22, li.* 



1024 


ORGANIC DYES 


^ Fast Black BS (B.A.S.F.) is the product of the action of alkalis on 
fast black B. It is brought on the market as a bluish black paste 
which dissolves in water with a violet-blue colour. The dyestuff is 
precipitated from the solution by acids. The dry dyestuff dissolves in 
concentrated sulphuric acid with a ciirty green colour, and in alcohol 
with a violet-blue colour. 

Cotton and silk are dyed black even in the cold. 

3. Quinoneoxi&ies. 

Dinitrosoresorcinol (Dioximinoquinone). — The dinitrosoresorcinol 
produced hy the action of nitrous acid on resorcinol, possesses the 
property of forming iron lakes of a dark green shade, and therefore is 
employed in calico printing and in dyeing. It is placed on the market 
in the form of a paste, under the names ‘‘ Fast Green O,” “ Chlorin,” 
“ Dark Green,'' ‘‘ Alsace Green," etc. 

Pure dinitrosoresorcinol is almost colourless and is slightly soluble 
in water ; it dissolves in alkalis with a faint yellow colour. It produces 
a very dark green precipitate in a solution of ferrous sulphate, especially 
in the presence of sodium acetate. It forms a pale yellow solution in 
hydrochloric acid. Cotton or wool, treated with iron mordants, are 
dyed in a bath faintly acidified with acetic acid. 

Gambin G, Y, Steam Green S, is the product of the action of 
nitrous acid on ^-naphthol (^-naphthaquinoneoxime), and similarly 
forms green lakes with iron mordants. It is an olive green paste, 
which is sparingly soluble in water, but dissolves in alkalis with a yellow 
colour and a greenish yellow fluorescence. 

Similar dyestuffs are Gambin R (a-Naphthaquinoneoxime), and 
Gambin B or Dioxin (prepared from 2 : 7-dihydroxynaphthalene and 
nitrous acid). 

The iron salt of the last-mentioned dyestuff is probably present in 
Milling Green S {Leonhardi)^ which dyes wool without a mordant. 
Naphthol Green B {Casselld) is the ferrous sodium salt of nitroso-^- 
naphthol-6-sulphonic acid. The commercial product is a dark green 
powder, which dissolves in water with a pale green colour. The solution 
is unchanged by hydrochloric acid, and is coloured bluish green by 
sodium hydroxide. Concentrated sulphuric acid produces a brownish 
yellow solution. Wool is dyed green from an acid bath. 

VII. QUINONEIMWE DYES. 

I. Thiazines. 

Methylene Blue. — The zinc chloride double salt, which is the chief 
constituent of the commercial product, crystallises from dilute alcohol 
in fine prisms with a coppery lustre. It is also easily soluble in water 
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and is precipitated from the solution by sodium chloride, especially in^ 
the presence of an excess of zinc chloride. 

The colour of methylene blue in solution is a pure greenish blue, 
which is not changed by dilute acids or by ammonium hydroxide. 
Dilute sodium hydroxide produpes a blue precipitate, whilst more 
concentrated solutions produce a faintly reddish violet precipitate. The 
dyestuff dissolves in concentrated sulphuric acid with a yellowish green 
colour, and in concentrated hydrochloric acid with a? faint bluish green 
colour. The original blue colour is regenerated by the addition of 
water. Reducing agents, such as ammonium sulphide, or hydrochloric 
acid and zinc dust, rapidly decolorise ^he blue solution. The colour is 
reproduced, slowly in the air^ instantly, when an oxidising agent (ferric 
chloride, potassium bichromate) is added to the acidified solution. This 
behaviour furnishes a means of detecting the dyestuff, especially on the 
fibre. Ammonium sulphide produces at once on the material a white 
spot which, after being treated with an acid, becomes blue again, slowly 
of itself, instantly when moistened with a drop of ferric chloride. 

Methylene blue is a very valuable dyestuff which plays an important 
part, particularly in cotton dyeing and printing. It produces beautiful 
greenish blue shades directly on wool and silk. On tannin-mordanted 
cotton it produces rather a dull indigo shade. 

It is prepared by oxidising dimethyl-/-phenylenediamine in the 
presence of dimethylaniline and sodium thiosulphate. 

L. Pelet and V. Garuti ^ estimate methylene blue volumetrically by 
titrating a o- 1 to 0-2 per cent, solution of the dye with an equally dilute 
solution of a suitable acic? dye of as different a colour as possible. The 
end-point is ascertained by “ spotting.” Crystal ponceau gives the best 
results. Carmine (the sodium salt), pyramine orange, or cotton brown, 
can also be used. Methylene blue combines with crystal ponceau in 
the proportion of 2 mol. of the blue to i mol. of ponceau, and with 
carmine in the proportion i : i. (The principle on which this process is 
based has already been employed by Rawson and Knecht^ for a 
similar purpose.) Knecht^ estimates methylene blue by titrating its 
solution in hydrochloric acid, with titanous chloride, in an atmosphere 
of carbon dioxide, until the colour disappears, and obtains a sharp end- 
point and accurate results. 

The following dyestuffs behave towards reagents in a similar 
manner : — • 

Gentianine (Geigy^ is a mixture of methylene blue and Lauth’s 
violet, and dyes tannin-mordanted cotton bluish violet. 

Ethylene Blue {Oehler\ Thionine Blue {M. L. Br,\ Toluidine Blue 

and New Methylene Blue W (Cassella)^ also belong to this class. 

% 

^ Bull . Soc , Chim ,, 1904, [iii.], 31, 1094 ; Z. FarL Ind.., 1908, 7, 44. 

‘V* Soc . Dyers and Col .^ 1888, 4, 84. 3 1905,21, 9. 
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Thiocarmine R {Casselld) is the sodium salt of dibenzyldiethylthio- 
ninedisulphonic acid. The dyestuff is brought on the market as a blue 
powder or a paste. It dissolves in water with a blue colour. The 
solution is not changed by hydrochloric acid, but becomes violet on 
warming with sodium hydroxide. C<=^ncentrated sulphuric acid produces 
a green solution, which becomes blue on dilution with water. Animal 
fibres are dyedjndigo-blue from an acid batlf; the colours, however, are 
sensitive to light 

Indochromogen S (Sando^)^ a sufphoxyindophenolthiosulphonic 
acid of the naphthalene series, is a dark blue powder, which dissolves in 
water with a reddish violet colour. Hydrochloric acid produces a 
yellowish brown solution ; sodium hydro^xicle produces a dirty violet 
solution, which becomes blue on boiling, owing to the formation of a 
thiazine. The solution in concentrated sulphuric acid is greenish 
yellow, and becomes reddish violet on dilution. 

Cotton, previously treated with alkaline turkey-red oil, is printed 
with indochromogen S, and a chromium or a mixed chromium-calcium 
mordant ; by subsequent steaming, very bright blue chromium lakes of 
the thiazine dyestuffs are produced, such as cannot be obtained by 
direct printing of the thiazines themselves. Fabrics treated with 
indochromogen S and chromium-calcium acetate can be readily dis- 
charged by potassium ferrocyanide and potassium chlorate or colour 
printed. 

Indochromine T {Sandod), Brilliant Alizarin Blue {Bayer), is a 
mordant thiazine dye of the naphthalene series. 

The commercial product is a dark powder with a bronze lustre or a 
paste consisting of lustrous bronze needles. It dissolves in water with 
a sky-blue colour; the solution gives a blue precipitate with hydro- 
chloric acid. An excess of sodium hydroxide produces a blue 
precipitate. The yellowish green solution in concentrated sulphuric 
acid gives a violet precipitate on dilution. 

With chromium mordants, it forms beautiful greenish blue colours 
in a bath slightly acidified with acetic acid ; the colours on wool are 
especially characterised by their very great fastness to milling and to 
light. 

The dyestuff is also employed with chromium acetate on oiled 
fabrics in cotton printing, but the shades are not so bright as those 
produced by indochromogen S. ^ 

Methylene Green (AT. B Br^ is mononitromethylene blue. It is 
prepared by treating methylene blue in an acid solution with nitrous 
acid. 

The commercial product is a dark brown powder which dissolves in 
water with a greenish blue colour. The solution is rendered greener 
by hydrochloric cacid. Sodium hydroxide precipitates violet flocks. 
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The green solution in concentrated sulphuric aci4 becomes blue on 
dilution with water. 


2 . Oxazines and Oxazones. 

« 

Capri Blue GN (Leonhardt) mis obtained by treating nitrosodi- 
methylaniline hydrochloride with diethyl-;;^-.aminocresol.^ The com- 
mercial product, consisting of small glistening green crystals, is the 
zinc chloride double salt It dissolves in water and ^n alcohol with a 
blue colour. The solution is 'reddened by hydrochloric acid, whilst 
sodium hydroxide produces a violet precipitate. The green solution 
in concentrated sulphuric acid becornes red on dilution with water. 
The dyestuff produces a v^ry greenish blue on silk and tannin- 
mordanfed cotton. 

Closely related to it are Cresyl Blue BB and Cresyl Violet B and 
BB of the same firm. 

Brilliant Cresyl Blue 2B (Leonhardt)'^ is prepared from nitjroso- 
dimethyl-;;^-aminocresol and benzyl-;;^-aminodimethyl-/-toluidine, and 
is soluble in cold water and in alcohol with a blue colour. Hydrochloric 
acid produces a brownish yellow precipitate, and sodium hydroxide a 
yellowish red precipitate. The yellowish green solution in concentrated 
sulphuric acid becomes brownish yellow and then blue on dilution. 
The aqueous solution is instantly decolorised by stannous chloride 
and hydrochloric acid. 

It can be employed for dyeing tannin-mordanted cotton and silk, 
and gives very pure blue shades. 

Meldola’s Blue (Naplithol Blue, New Blue, Fast Blue). — This 
dyestuff, discovered by Meldola and prepared by the action of 
nitrosodimethylaniline hydrochloride on /3-naphthol, has found special 
application in cotton dyeing. The commercial product (the "zinc 
chloride double salt) is a brown, crystalline powder, the dust of which 
attacks the mucous membrane very strongly. It dissolves easily in 
water with a bluish violet colour, and in concentrated sulphuric acid 
with a greenish blue colour. 

It produces on tannin-mordanted cotton a grey-blue with a violet 
tinge, which is moderately fast to light and to soaping, but is not fast 
to alkali. 

Muscarine (^Dtcrand) is prepared by the action of nitrosodimethyl- 
aniline hydrochloride on 2 : 7-dihydr(^ynaphthalene. 

The commercial product is a brownish violet powder, which is 
sparingly soluble in cold water but dissolves easily in hot water with 
a bluish violet colour. The aqueous solution gives a violet-blue 
precipitate with hydrochloric acid. Sodium hydroxide ^forms a 

^ MOhlau, Kiimmer, and Kahl, Z. Farb, Ind.^ 1902, I, 313. 

2 Gm, Mat, Col,^ 1899, 3, 56. * 
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" brownish yellow solution. Concentrated sulphuric acid produces a 
bluish green solution from which violet flocks are precipitated by water. 

Tannin-mordanted cotton is dyed blue. 

Nile Blue A is prepared by the interaction of nitroso- 

diethyI-:?;/-aminophenol hydrochloride and a-naphthylamine. 

The commercial product is a lustrous bronze powder which dissolves 
in warm wate/ ^and in alcohol with a blue colour. From the warm 
solution the hydk)chIoride is precipitated, in crystalline needles, by the 
addition of hydrochloric acid. The ^aqueous solution gives a red 
precipitate with dilute sodium hydroxide; by shaking with ether, it 
acquires an orange colour and a green fluorescence. Concentrated 
sulphuric acid produces a green solution which becomes green, and 
finally blue on dilution. 

Tannin-mordanted cotton and silk are dyed blue. 

Similar colours are produced by Nile Blue 2B (prepared from 
nitrQsodiethyl-;;^aminophenol hydrochloride and benzyl-a-naphthyl- 
amine) and Nile Blue R. 

New Methylene Blue GG {Casselld) is prepared by the action of 
dimethylamine on Meldola’s blue and subsequent oxidation. 

It is a grey powder which dissolves in water with a blue colour. An 
excess of hydrochloric acid produces a brown colour, whilst sodium 
hydroxide produces a blackish blue precipitate. The brown solution 
in concentrated sulphuric acid becomes blue on dilution with water. 
Tannin-mordanted cotton is dyed greenish blue. 

Metamine Blue B is an analogous ^ dyestuff, prepared from 
Meldola^s blue and dimethyl-/-phenylenediamine. 

Fluorescent Blue is obtained by brominating resorufin. The 
commercial product is a lo per cent, olive-brown liquid containing small 
green crystals (the ammonium salt). It dissolves in boiling water, 
giving a violet solution which is strongly fluorescent. The solution 
gives a brown precipitate with hydrochloric acid, but is not changed by 
sodium hydroxide. The dry dyestuff dissolves in concentrated sulphuric 
acid with a blue colour, and is reprecipitated from the solution by water. 
In an acid bath silk and wool are dyed in greyish blue shades with a 
reddish brown fluorescence. 

Alizarin Green G {Dahl) is prepared by the condensation of an 
alkaline solution of /3-naphthaquinonesulphonic acid with i-amino-2- 
naphthol-6-sulphonic acid. 

The commercial product is a brownish black powder which dissolves 
in hot water with a green colour. The solution is reddened by 
hydrochloric acid and gives a red precipitate. So^dium hydroxide 
also produces a precipitate. The bluish green solution in concentrated 
sulphuric acid gives a red precipitate on dilution* 

It dyes grec^ti on chromium mordants. 
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Alizarin Green B is derived from 2-amino-i-naphthol-4-suIphonic 
acid. 

Gallocyanine (Fast Violet). — This dyestuff is prepared by the 
action of nitrosodimethylaniline hydrochloride on gallic acid. It is 
employed in calico printing and in wool dyeing, and is fixed on the 
fibre in the form of its chromium lake. 

Gallocyanine is brought on the market in the form a powder or a 
paste. It is only slightly soluble in water and in alcdhol. It possesses 
the properties of a weak acid and also of a weak base. It is sparingly 
soluble in hydrochloric acid with a reddish colour, and easily forms a 
violet solution in alkali hydroxides or carbonates, from which it is 
precipitated by acetic acid. ^Concentrated sulphuric acid produces a 
blue solution. With chromium oxide mordants gallocyanine produces 
a beautiful bluish violet colour, which is very stable. 

Gallocyanine BS is the bisulphite compound of gallocyanine. 

Brilliant Gallocyanine {Durand, Huguenin & Co) produces brighter 
and bluer dyeings, and is more easily soluble. 

Violet Moderne N, of the same firm, is obtained by removing the 
carboxyl group of gallocyanine, and the “Bleus modernes” are 
prepared by treating the gallocyanines with formaldehyde. 

Gallocyanine S (Durand, Huguenin & Co) is a gallocyanine- 
sulphonic acid. 

Prune (SandorS) is prepared by the action of nitrosodimethylaniline 
hydrochloride on methyl gallate. The commercial product occurs as 
a dark brown powder ~or a paste. The dyestuff differs from 
gallocyanine by its ready solubility in water. The solution is 
reddened by hydrochloric acid. Sodium hydroxide produces first a 
precipitate, and then a violet solution. The blue solution in concen- 
trated sulphuric acid becomes red on dilution with water. 

It dyes chromed wool and cotton bluish violet ; it can also be fixed 
on cotton by means of tannin. 

Delphine Blue (Saftdoz) is obtained by sulphonating the anilide 
produced by treating gallocyanine with aniline. 

The dyestuff is placed on the market as a dark paste (the free 
sulphonic acid) or as a brown powder (the ammonium salt). The 
latter dissolves in water, the former in ammonium hydroxide or dilute 
sodium hydroxide, with violet-blue colours. The solution becomes 
magenta-red by the addition of hydrochloric acid, and yields a dark 
flocculent precipitate. Sodium hydroxide produces a dirty violet 
precipitate which is soluble in water. The reddish violet solution in 
concentrated sulphuric acid becomes red on dilution and a flocculent 
blue precipitate is produced. 

It dyes wool in an acid bath. It is usually dyed, however, on 
chromium mordants, forming in this case greenish bfue lakes. 
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Similar dyestuff? are the Chromazuriiies {Durand, Hngucnin & Co,). 

Gallamine Blue {Geigy) is obtained by the action of nitrosodimethyl- 
aniline hydrochloride on gallamic acid. The commercial product is a 
greenish grey^ paste, which dissolves sparingly in boiling water with 
a greenish blue colour. The solutioit in hydrochloric acid is red, and 
in sodium hydroxide violet Concentrated sulphuric acid produces a 
red solution whnVh appears green in thin layers ; it remains red when 
diluted with water. ^ 

Chromed wool is dyed bluish violet (as in the case of gallocyanine). 

Correine RR {Durand, Huguenin & Co.), Celestine Blue B (Baj/er), 
is prepared by the interaction of gallamide and the hydrochloride of 
diethylaminoazobenzene or of nitrosodiethylaniline. 

It is a greenish black powder, which dissolves in water with a violet- 
blue colour. The solution is reddened by hydrochloric acid. The 
solution in sodium hydroxide is bluish violet Concentrated sulphuric 
acid produces a blue solution which becomes red on dilution. With 
chromium mordants the dyestuff yields reddish blue lakes. 

Correine AR results by the action of aniline on correine and 
sulphonation of the product 

Similar substances (gallanilide derivatives) occur in Gallanil Indigo 
P and Gallanil Indigo PS. 

Phenocyanine {Durand, Htiguenm & Co^} obtained by the action 
of resorcinol on ethylgallocyanine, is a yellowish green paste, which is 
insoluble in water and in alcohol, but dissolves in sodium hydroxide 
with a brown colour. 

Concentrated sulphuric acid produces a brown solution, which 
gradually turns blue. 

The dyestuff is especially suitable for printing. 

Gallazine A {Durand, Huguenin & Co.) is produced by oxidising 
the substance obtained by treating gallocyanine with /3-naphthol-6- 
sulphonic acid S. 

The commercial product is a brown paste, which is almost insoluble 
in water and alcohol. It dissolves in sodium hydroxide with a violet 
colour. Concentrated sulphuric acid produces a blue solution. 

Chromed wool is dyed blue. 

Gallanil Green {Durand, Huguenin & Co.). — To prepare this dye- 
stuff, the product of the interaction of nitrosodimethylaniline and 
gallanilide is treated with aniline,"' and subsequently sulphonated and 
nitrated. 

The commercial product is a brown paste or a powdpr with a bronze 
lustre, which dissolves in water with a bluish green colour. The 
solution gives a blue precipitate with hydrochloric acid. Sodium 
hydroxide produces a redder solution and finally a precipitate. The 

^ Z. Park 2 nd,, 1902, i, 165. 
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red solution in concentrated sulphuric acid becomes turbid on dilution 
owing to the formation of a precipitate. 

Chromed wool is dyed green. 

Indalizarin R, zR, J, JR {Durand, Huguenm & Co ^)} — Brands R 
and 2R are greenish grey pastei; J is a greenish liquid; JR is a 
greenish paste. 

These dyestuffs are fhe bisulphite compounds ol gallocyanine- 
sulphonic acids. They are fixed by means of chit)mium mordants ; 
for example, chromium acetate or chromium bisulphite. 

The dyestuffs are soluble in ‘sodium hydroxide and in sodium 
acetate, the solutions rapidly becoming blue on exposure to the air. 
In sulphuric acid brand R fe)rms a pale brown solution, 2 R a violet- 
brown, J a reddish brown, and JR a violet-brown; by the addition of 
manganese dioxide the colour becomes violet in the case of R, or bluish 
violet in the other cases. The solutions of all of the four brands in 
sulphuric acid become violet on dilution with water. 

Indalizarin Green is a nitro-derivative of indalizarin. 

“Cyanines modernes'’ {Durand, Huguenm & Co.) are condensation 
products of gallocyanines and dialkyldiamines. 

“Heliotropes modernes,” of the same firm, are gallocyanines 
prepared from nitrosomonoalkylanilines, and Leucogallothionines are 
obtained by condensing alkyldiaminothiosulphonic acids with gallic 
acid or its derivatives. 


VIII. AZINE DYES. 

1. Eurhodines. 

Neutral Violet and Neutral Red (Casse/la), produced by the joint 
oxidation of dimethyl-/-phenylenediamine and ;;^-phenylene- or 
tolylenediamine, are dyestuffs which give reddish brown and violet 
colours on tannin-mordanted cotton. They are blackish green powders 
which dissolve in water with a violet-red colour. The colours become 
blue in the presence of hydrochloric acid ; sodium hydroxide produces 
precipitates. The solutions in concentrated sulphuric acid are green, 
which become red on dilution wdth water. 

2. Safranines. 

Safranine (Safranine T ; GOO® ; G extra, etc.). — Safranine con- 
stitutes a strong base, the salts of which are fine red dyestuffs. The 
commercial product is usually the hydrochloride. In the pure state it 
consists of metallic-looking, brown, crystalline needles, which are 
sparingly soluble in cold water, easily in hot, and are still mqre readily 
soluble in alcohol. The colour of the concentrated solutions is yellowish 
^ Eev. Gen, Mat, Col, 1899, 3, 250. 
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red, that of dilute solutions rose-red. The alcoholic solution exhibits a 
strong yellow-brown fluorescence, which is not seen in the aqueous 
solution. 

Safranine h one of the few dyestuffs the bases of which are soluble 
in water and the salts of which'' are not decomposed by alkalis. 
Consequently an aqueous solution of safranine hydrochloride is not 
precipitated by ^dilute sodium hydroxide ^or potassium hydroxide; 
concentrated solutions of the alkalis, however, precipitate the unchanged 
hydrochloride. Safranine exhibits a remarkable variety of colours when 
treated with concentrated acids. ^ 

With concentrated hydrochloric acid it produces a magnificent blue 
colour, whilst a green coloration is developed with concentrated 
sulphuric acid. The latter changes gradually through blue and violet 
to red when the solution is diluted with water. 

When boiled with zinc dust, the dyestuff is converted into a leuco 
compound, which is easily reoxidised in the air. The commercial 
product is a brown powder. Safranine produces a shade intermediate 
between those of magenta and eosin. It is employed for producing 
rose tones chiefly on cotton, frequently also in admixture with yellow 
dyestuffs, for the development of ponceau shades. 

It dyes wool and silk directly from a neutral bath. It also dyes 
unmordanted cotton, but only to a slight extent. It is usual, therefore, 
to mordant the cotton with tannin and tartar emetic. Unfortunately 
safranine has the disadvantage of not being fast to light. 

Methods of analysis have been given by Knecht^ and Pelet and 
Garuti.^ 

For the preparation of safranine aminoazotoluene is reduced, for 
example, by iron filings and hydrochloric acid, whereby /^-tolylenedia- 
mine and ^-toluidine are produced ; these bases, in the form of their 
hydrochlorides, are mixed with i mol. of aniline hydrochloride (or 
toluidine) and oxidised with sodium bichromate or manganese dioxide. 
Fuchsia, Clematine, Girofl^, Tannin Heliotrope, Amethyst Violet, 
and Iris Violet are similar dyestuffs to safranine, but of much more 
limited application. 

Silk Grey {M, Z. Br,) is obtained by oxidising the product of the 
interaction of ( 2 i*-dimethyl- or diethyl-phenosafranine and formaldehyde. 
From an acid, boiled-off liquor bath, silk is dyed grey. 

By the combination of diazotised safranines with /3-naphthol, etc., 
valuable azo dyes have been prepared, for example : — 

Indoine R {B.A.S.F.) is a dark paste or a powder v^hich dissolves in 
water and in alcohol with a bluish violet colour. Hydrochloric acid 
produces^ a blue precipitate, and sodium hydroxide a dark violet 

^ ^ /. Dyey^s and Col^ 1905, 21, 294. 

2 Z Farh. Ind^ 1908, 7, 44. 
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precipitate. The blackish brown solution in concentrated sulphuric 
acid yields the dyestuff on dilution with water. 

Tannin-mordanted cotton is dyed in very fast indigo shades. 

It can be analysed by Knecht’s method.^ 

Naphthindone BB {Cassella\ Diazine Blue ;BB, Diazine Black, 
Diazine Green {Kalle), and Brilliant Diazine Blufe are similar products. 

Compare also the Jantfe dyes (p. 970). 

Mauveine. — Free mauveine is a powder which is#msoluble in water, 
but dissolves in alcohol with a* bluish violet colour. It is a very strong 
base which displaces ammonia frdm ammonium salts and can combine 
with carbon dioxide. The solutions cff its salts have a purple-red colour 
somewhat resembling that qf potassium permanganate. Most of the 
salts crystallise well, and dissolve easily in hot water ; they are less 
readily soluble in cold water. Mauveine and its salts produce green 
colours in concentrated sulphuric acid, which change through blue to 
violet by the addition of water. It gives a blue coloration with con- 
centrated hydrochloric acid. On wool and silk it produces a shade 
intermediate between violet and Bordeaux. 

Mauveine is still occasionally employed for colouring English postage 
stamps and for whitening silk. 

For its preparation a mixture of aniline and toluidine, in the form 
of their salts, is oxidised by a neutral solution of potassium bichromate 
or other oxidising agent. 

Rosolane (Af. A. Br ,), — A dyestuff similar to mauveine is prepared by 
oxidising a mixture of /i^aminodiphenylamine, ^?-toluidine, and aniline. 

Indazine {Cassellct) is prepared by the interaction of nitrosodimethyl- 
aniline hydrochloride and diphenyW/^-phenylenediamine. 

The commercial product is a powder which is easily soluble in water 
and in alcohol with a blue colour. Hydrochloric acid has no action. 
Sodium hydroxide produces a blue precipitate. The dark green 
solution in concentrated sulphuric acid becomes blue on dilution. 

Tannin-mordanted cotton is dyed indigo-blue. 

An analogous dyestuff, Metaphenylene Blue B {Casselld)^ is 
produced from di-<?-tolyl-7;2-phenylenediamine. Brilliant Rosinduline 
Red B and BD {Bayer) are dyestuffs obtained by the action of 
nitrosomethyl-^?- toluidine on /-monosubstituted tolylenediamines. 

Magdala Red (Naphthalene Rose). 

Naphthalene rose is the safrasfiine of the naphthalene series. Its 
salts, like those of safranine, are not attacked by alkali hydroxides. On 
reduction, it fields a vat which instantly reoxidises in the air. It 
dissolves in concentrated sulphuric acid with a greenish black colour. 
The hydrochloride, which constitutes the ordinary form of the dyestuff, 
crystallises in slender brown needles, which are sparingly soluble in 
J, Sac. Dyers and Col.^ 19055 21, 294. * 
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r and easily so in alcohol. On silk it produces, especially in very 
dyeings, a fif.e fluorescent rose shade. It is used to a limited 
it in silk dyeing. 

faphthalene rose is obtained by heating aminoazonaphthalene and 
thylamine hydrochloride in the presence of glacial acetic acid, 
lining Blue {Kcille) is prepared by fusing benzencazo-a-naphthyl- 
,e with a~naphthylamine hydrochloride and aniline, and the 
ied dyestuff IS. sulphonated. It is a bronze powder which dissolves 
^ater with a blue colour. The a(^ueous solution gives a blue 
pitate with hydrochloric acid,'^ The solution is darkened by 
im hydroxide. The bluish green solution in concentrated sulphuric 
becomes blue on dilution, 

!hromed wool is dyed blue. 

lasle Blue R {Dttrmid, Hugucnhi & Co,) is prepared by the 
n of nitrosodimethylaniline hydrochloride on 2 : 7-ditolylnaphthyl- 
iamine. 

tls a brown powder which dissolves in water with a bluish violet 
ir. The aqueous solution gives a blue precipitate with hydrochloric 
Concentrated sulphuric acid produces a dirty green solution, 
which a blue precipitate is obtained by the addition of water, 
"annin-mordanted cotton is dyed blue. 

I sulphonic acid of this dyestuff is brought on the market under 
lame Basle Blue S. 

This class also includes Azo Green T {LeonJiardt), Neutral Grey 
t Ges^, Naphthazine Blue {Dahl; M, L, Erl), and Ethyl Blue 
D Br). 

3. Aposafranines. 

induHne Scarlet {A.BS.F.) is prepared by melting azo derivatives 
ionoethyl-/-toluidine with a-naphthylamine hydrochloride. 

The commercial product is a red powder, which dissolves in water 
r a red colour. Hydrochloric acid has no action, whilst sodium 
roxide produces a violet precipitate. The red solution in concen- 
sd sulphuric acid becomes green, and then red on dilution. 
Tannin-mordanted cotton is dyed scarlet red. 

IVzo Carmine G {B.A.S.Fl) is obtained by sulphonating phenyl- 
aduline. The commercial product is a red, glistening paste which 
plves sparingly in water, forming a bluish red solution. Sodium 
roxide has no action ; hydrochloric acid produces a red precipitate, 
pientrated sulphuric acid forms a green solution which gives a red 
fipitate with water. It is used as an archil substitute, producing 
I dyeing in bluish red shades. 

^ulphomc acids of phenylrosinduline or of rosindone occur in the 
|wing dyestuff^;— 
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Azo Carmine B, Rosinduline 2B, and Rosinduline 2G {Kalle\ 

Diphenyl Blue B and R {Akt Ges.) ^ are emplc^’-ed for printing and 
dyeing cotton, being fixed by tannin. Very pure colours are obtained, 
which are very fast to washing. 

4. Indulines. 

Indulines. — By the action of aniline on azo and nitro compounds, 
especially on aminoazobenzene, azobenzene, azoxyt&nzene, and nitro- 
benzene, grey and greyish Mue dyestuffs are produced, which have 
attained a certain importance. The dyestuffs are of a basic character, 
but combine with acids to form salts which are insoluble or only 
very slightly soluble in water. Consequently, for most purposes they 
are cohverted into the sulpnonic acid by treatment with concentrated 
sulphuric acid. 

The dyestuffs show the following reactions : — The unsulphonated 
substances are almost insoluble in water, but dissolve moderately readily 
in alcohol. The colour of the solution is greyish blue with a more or 
less red tinge. Alkalis produce a reddish violet colour in the solution. 
From the greenish blue solution in concentrated sulphuric acid, water 
precipitates the sparingly soluble sulphate when heating is prevented. 
The sulphonic acids as such are moderately sparingly soluble in water. 
They dissolve in alkalis with the reddish violet colour of the free base. 
From concentrated solutions the sulphonic acid is precipitated on 
acidification with hydrochloric acid. 

The sulphonic acids of the indulines are very valuable wool dyes. 
They are employed in the presence of alum or sulphuric acid and 
sodium sulphate, and produce a greyish blue shade similar to that of 
indigo. 

Indulines, which are soluble in alcohol, are fixed on cotton by 
tannin, and are somewhat extensively employed in calico printing. 

They are also fixed by the so-called acetin process. The indulines, 
in a very finely divided state, are printed together with acetin or diacetin 
(acetates of glycerol) and tannin. 

On steaming, the acetins dissolve the induline, but, being ultimately 
hydrolysed to acetic acid and glycerol, the former is driven off. Simul- 
taneously the dissolved induline forms a lake with the tannin and 
becomes fixed on the fibre. 

Under the name “ Nigrosine,”^ products are placed on the market 
which are obtained by the action of nitrobenzene and nitrophenol on 
aniline. They are employed in the form of sulphonic acids, and 
produce on wool shades which are similar to those of the indulines, but 
not so pure. 

Paraphenylene Blue {Dahl) is produced by the action of /- 
1 Rev. Gen, Mat, Col^ 1899, 3, 284. 
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phenylenediamine on aminoazobenzene, azophenine, azobenzene, and, 
in general, on substances which yield indulines by similar treatment 
with aniline. 

Paraphenyl^ne blue, as is to be expected, is an amino-derivative 
of induline, and its Properties confirm this assumption. It possesses 
a stronger basic char<.\cter, and its salts are stable and are soluble in 
water. The aqij^pus solution gives a precipitate with sodium hydroxide. 
Concentrated sulphuric acid produces a blue solution. 

It is employed chiefly in cotton dyeing and printing, and produces 
a very dark blackish blue with tannin mordants. 

Tolylene Blue B {Oehle?^) is produced by the action of /-phenylene- 
diamine on an induline which is soluble^n alcohol. The commercial 
product dissolves in water with an indigo-blue colour, and dyes tannin- 
mordanted cotton indigo blue. An excess of hydrochloric acid or 
sodium hydroxide produces a precipitate in the aqueous solution. 
Concentrated sulphuric acid produces a blue solution. Para Blue 
{N'dl‘:el)y a dyestuff obtained by heating spirit blue with /-phenylene- 
diamine, behaves in a similar way towards reagents. 

5. Quinoxaline Dyes. 

Flavinduline is obtained by the action of phenanthraquinone on 
^-aminodiphenylamine, and dissolves in water with a yellow colour. 
The aqueous solution gives a yellow precipitate with sodium hydroxide, 
and is not attacked by hydrochloric acid. Concentrated sulphuric acid 
produces a red solution, which becomes yellow on dilution. 

Tannin-mordanted cotton is dyed yellow. 

IX. QUINOLINE DYES, 

Cyanine, Quinoline Red, and Flavaniline are no longer employed 
i the textile industry. Quinoline Yellow (obtained by heating quin- 
aldine and phthalic anhydride in the presence of zinc chloride), which 
is soluble in alcohol, is of importance, and especially so is it.s sulphonic 
acid, which occurs in Quinoline Yellow S in the form of the sodium 
salt. This dyestuff dissolves in water with a yellow colour, and 
produces very bright greenish yellow shades on wool and silk in an 
acid bath. 

The solution becomes rather pal^r in the presence of hydrochloric 
acid, and is darkened by sodium hydroxide. Concentrated sulphuric 
acid produces an orange-red solution, which becomes yellow on 
dilution. 

X, ACRIDINE DYES. 

The reaction between meta-diamines or e^x-alkylated meta-diamines 
and formaldehyde yields tetra-aminodiphenylmethane or its derivatives, 
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from which hydroacridines are produced by the elimination of ammonia. 
By oxidising the latter, the corresponding acridin(/s are obtained, many 
of which are brought on the market as useful yellow and orange 
dyestuffs. 

Acridine Yellow (Leonha7'dt)^ prepared from 7;^-tolyIenediamine 
and formaldehyde as above, dyes tannin-mordianted cotton and silk 
yellow ; the colours on silk exhibit a green fluorescence. The aqueous 
fluorescent solution yields yellow precipitates with hydrochloric acid 
and sodium hydroxide. Concentrated sulphuric acid produces a 
yellow solution, which becomes turbid on dilution with water. 

Acridine Orange (from dimethyT[-;;/“phenylenediamine and formal- 
dehyde) forms an orange-yellow, strongly fluorescent solution in water. 
The solution is reddened by hydrochloric acid. Sodium hydroxide 
produces a yellow precipitate. A slightly coloured, fluorescent solution 
is formed in concentrated sulphuric acid, which becomes red and then 
orange by dilution. 

Silk and tannin-mordanted cotton are dyed yellow ; the Colours on 
silk are fluorescent. 

Corresponding derivatives of phenylacridine are obtained when 
meta-diamines are condensed with benzaldehyde instead of formalde- 
hyde. Many of these are also used as dyestuffs. 

Benzoflavine {Oehler), from benzaldehyde and ^/^-tolylenediamine, 
dyes tannin-mordanted cotton, silk, and wool yellow, and behaves like 
acridine yellow towards reagents. 

Acridine Orange R extra {Leonhardt)^ from benzaldehyde and 
dimethyl-:7;2-phenylenediamine, resembles ordinary acridine orange in 
its behaviour. Homophosphine G {Leoithardi), which produces a 
yellower and clearer shade than the preceding brand, probably also 
belongs to this class. 

Phosphine [Chrysaniline, Leather Brown, VitoHne Yellow $G (7>r 
Meer) etc.]. — The pure substance is a pale yellow powder, which is very 
sparingly soluble in water, but dissolves easily in alcohol. It is a 
pronounced base and forms easily soluble, crystalline salts, which are 
very fine yellow dyestuffs. The nitrate is the most sparingly soluble, 
and the most easily crystallisable salt. 

Phosphine belongs to the series of acridine dyes. Its simplest 
representative, is <^j--diaminophenylacridine. Like all these 

substances, it is very stable towards chemical reagents. Amongst its 
other properties, the base can be distilled partly undecomposed. It 
dissolves in concentrated nitric acid without change ; after long keeping, 
the nitrate separates from the solution in fine crystals. 

Commercial phosphine is always more or less pure ^chrysaniline 
nitrate. Usually it contains both the above-mentioned homologues. 
It is fairly easily soluble in hot water. When thh solution is treated 
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with an equal volume of concentrated nitric acid, the salt is obtained, 
after cooling, in tl>p form of a conglomeration of slender, yellow, 
crystalline needles. Mineral acids do not change the colour of the 
solution of chrysaniline. Concentrated sulphuric acid dissolves the 
dye with a yellow colc^ur ; fuming acid^changes it partly into a sulphonic 
acid. A’ solution of vihrysaniline is decolorised by zinc dust, but the 
colour is rapidly restored in the ain ChrySaniline is a fine yellow 
dyestuff, the shade'tending slightly towards the red side. 

Wool, silk, and tannin-mordanted cotton are directly dyed by 
chrysaniline in a neutral bath. It has to a great extent been displaced 
by chrysoidine, auramine, and oth£r yellow basic dyes. 

Preparation. — Chrysaniline is obtained as a by-product in the 
manufacture of rosaniline by means of arsenic acid or nitrobenzene. 
It is isolated, by careful, partial precipitation, from the mother liquors 
of the magenta, and is finally purified by crystallisation from concen- 
trated citric acid. 

Leather Yellow. — Under this name is placed on the market a 
yellow dyestuff, which is obtained as a by-product from the mother 
liquors in the manufacture of magenta. Leather yellow is a very 
impure product which contains chrysaniline and probably also other 
yellow dyestuffs. It is employed in leather dyeing. 

Grenadine {Grenat^ Cerise '). — These names denote commercial dye- 
stuffs which are obtained as by-products in the manufacture of rosaniline. 
They usually still contain a considerable quantity of rosaniline, together 
with chrysaniline and violet dyestuffs (mauv^ine?). Such products 
exhibit the characteristics of rosaniline in their nature and method of 
dyeing. The shades are not very pure and are usually rather yellow. 
They are employed especially in leather dyeing, and are also used in 
mixtures. 

Rheonine A and N (B.A.S.F .). — Rheonine is obtained by heating 
;;2-aminophenylauramine, produced from Michler’s ketone and w- 
phenylenediamine hydrochloride. The dyestuff dissolves in water with 
a brown colour; the solution is fluorescent and dyes tannin-mordanted 
cotton and leather yellowish brown. The aqueous solution is reddened 
by hydrochloric acid ; sodium hydroxide produces a brown precipitate. 
The solution in concentrated sulphuric acid is brown and fluorescent 

Other dyestuffs of this class are Coriphosphine and Brilliant 
Phosphine 5G (Leonhardt). ^ 

XL HYDROXYKETONE DYES. 

Gallacetophenone, Alizarin Yellow C (B.A.S.F.) is produced by 
the action of glacial acetic acid on pyrogallol in the presence of zinc 
chloride. It format glistening pearly leaflets (melting point ids'") or a 
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yellowish paste, which dissolves easily in hot water and in alcohol? 
Alizarin yellow C dissolves in sodium hydroxide with a brown, in 
concentrated sulphuric acid with a yellow, coloun It produces a fine 
very stable yellow with aluminium mordants. ; 

Similar reactions are showii by Alizarin iYellow A, which is 
prepared from benzoic acid and pyrogallol. commercial product 

is a yellowish grey paste? which dyes cotton mordanted with alumina 
golden-yellow. , ^ * 

Galloflavin (B.A.S.K) is ’closely related to these dyestuffs in its 
properties. It is obtained by thS oxidation of an alkaline solution of 
gallic acid with atmospheric oxygeit The commercial product is a 
paste. The substance is insoluble in water, but dissolves easily in 
alkali hydroxides. Concentrated sulphuric acid produces a yellow 
solution. 

Galloflavin is fixed by metallic mordants like the anthracene dyes. 
With alumina, and particularly with zinc oxide, it produces a beautiful 
yellow. The iron lake is green, 

Resoflavin probably also belongs to this class. It is 

a pale yellow, fairly liquid paste, which is sparingly soluble even in hot 
water. Hydrochloric acid or sulphuric acid is without action; the 
paste is coloured orange-brown by sodium hydroxide. 

Chromed wool is dyed in reddish yellow shades, which are fast to 
light and milling. 


XII. INDIGO AND miOINDlGO DYES, 

The so-called propiolic acid (i7-nitrophenylpropiolic acid), soon after 
its discovery, was employed in printing, but not to a great extent. 
It has been displaced by two other products, which are more cheaply 
obtained and are not so inconvenient to fix. 

Indigo Salt {Kalle) is the sodium hydrogen sulphite compound of 
<7-nitrophenyl-/5-lactic acid methyl ketone, and is brought on the market 
in the form of a white paste. Indigo salt is soluble in water at 38 — 
45° ; at higher temperatures the solution becomes turbid owing to the 
separation of the ketone, which redissolves, however, on cooling. 
Indigo is produced by treatment with an alkali. The bisulphite com- 
pound is no longer a commercial product on account of its slight 
stability, the ketone itself being placed on the market under the name 
Indigo Salt T. The soluble bisulphite compound is prepared by the 
dyer himself. 

Indophor^jS.Xi.S'.A.), produced by heating phenylglycine-i7-carboxylic 
acid with an alkali hydroxide, is indoxylic acid. It is a greenish grey 
powder, which decomposes into carbon dioxide and indoxyl in the 


^ Rev, Gen, Mat, CoL^ 1899, 3, 1 2 5. 
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presence of water, especially on warming. Indigo is precipitated when 
the alkaline solutioi>,is shaken with air. 

The quality of th.'s product is determined by print-trials or by the 
conversion of a weighed amount into indigo. 

Indigo Puye (B.li.S.F.), in paste 20 per cent, in paste S ; in 
powder. 

Since 1897 synthetic indigo has been brought on the market in the 
form of a powfler^ or paste, under the name “ Indigo Pure.” It is 
prepared from phenylglycine-o-carboxylio acid by Pleumann’s process. 
The powder consists of nearly pure iHcligotin ; it contains moisture and 
a very small quantity of inorgaaic matter. Synthetic indigo is also 
manufactured by other firms. 

Indigo MLB, Paste 20 per cent. L. Br .) ; Indigo MLB, R, 
Paste 20 per cent; Indigo MLB, in powder; Indigo MLB, G, in 
powder; Indigo MLB Vat L 20 per cent; Indigo TRG (Gd^y);' 
Indigo Pure 93/94 per cent {Soc. Chiin. des Usincs dii Rhone ). — 
The examination is carried out like that of natural indigo (see below). 

Some of the homologues of indigo are now found in commerce as 
also the halogen derivatives. These are prepared generally by 
dissolving indigo in an indifferent solvent and treating the solution 
with chlorine or bromine. The following are the more important dyes 
of tfils clclSS 

Indigo MLB/T (>/, Z. Br.\ Indigo B.A.S.F,/G iB.A.S.F.) is 7 : 7'. 
dimethylindigo.^ 

Indip MLB/R (M. Z. Z>.), Indigo B.A.aF./R (B.A.S.K) is 
5-bromoindigo. 

Indigo MLB/RR (M. Z. Bk\ is a mixture of mono- and di- 
bromoindigo (5- and 5 : 5'-). 

Indigo RBN and RB {B.A.S,F,), Indigo, MLB/2B (M, Z. Bk) is 
dibromoindigo. 

Ciba Blue B (Soc. Chem. Ind.^ Basle) is 5:7: 5'-tribromoindigo. 

Bromindigo FB^ (Bayer), Indigo MLB/4B (M. Z. Brl), Ciba Blue 
2 B (Soc. Cheni, Ind., Basle) is 5:7:5': 7 '-tetrabromoindigo. 

Indigo MLB/6B (M. L. Br.) is pentabromoindigo. 

Mixtures of indigo and its halogenated derivatives can be separated 
by extraction with various solvents.^ 

Ciba Heliotrope B (Soc. Chem. hid., Basle) is tetrabromoindirubin.'^ 

Thioindigo Red B (Kalle), Vat l^ed B, the representative of a new 
class of dyestuffs of the indigo group was discovered by Friedlaender. 

It is prepared from phenylthioglycol-^^-carboxylic acid by boiling with 

» 

^ Felsen, Z. Farh. hid., 1909, 8, 215, 231, 247, 263. 

^^Werner, Favhey.^ZeiU, 1909, 20, 185 ; Graudmougin, Bev., 1909, 42, 4408. 

3 Binz and Marz, Z. angew. Chem., 1 909, 22, 1 757. 

^ Engi, Ch^m. Zeit., 1908, 32, 1178. 
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alkalis, heating the product with acids and oxidising the thioindoxyi 
produced. Its formula is C-^(jHg02S2. It comes mi the market as a 
20 per cent, paste, which gives a clear yellow vat vhich dyes in bright 
red shades.^ i 

Thioindigo Scarlet R {Kalle^ is prepared |y condensing 3-oxy- 
(i-) thionaphthen with isatin. Its formula is It appears 

on the market as a paste which gives a yellcw vat dyeing fibres in 
yellowish red shades.^ ^ • 

Ciba Bordeaux B {So<^ Chevt. Ind.y Basle) is 5 : 5'-dibromo- 
thioindigo. • 

Ciba Red G {Soa Chenu Ind.^ Basle) is dibromothioindigo 
scarlet. 

Ciba Violet A, B and I? {Soc\ Chem. Ind,, Basle) also belong to the 
group of halogenated thioindigos. 

Ciba Green G {Soc, Chevu Ind.^ Basle) is dibromo-/3-naphthindigo. 
Other dyestuffs of this class are Helinden Red B and 3B, Helinden 
Scarlet S, Thioindigo Violet, Ciba Scarlet G (prepared by condensing 
acenaphthenquinone and a-oxythionaphthen), etc.^ 


XIII, SULPHIDE DYESTUFFS. 

Under the name ‘‘Cachou de Laval,’' a product is employed in 
dyeing, which was first obtained by Croissant and Bretonniere by 
fusing sawdust, bran, etc., with sodium sulphide, and possesses the 
remarkable property of^ directly dyeing cotton from an alkaline bath, 
the colours being subsequently shaded on the fibre by treatment with 
metallic salts. 

In recent years Vidal and others have employed simple derivatives 
of benzene, naphthalene, diphenylamine, and of anthraquinone for the 
purpose of preparing new sulphur dyestuffs, some of which have already 
acquired great importance ; the chief ones are described below. 

Cachou de Laval is soluble in water, has an unpleasant odour, 
and dyes cotton brown. Cachou de Laval S is obtained by treating 
the preceding dye with alkali sulphites, and is employed especially in 
printing. 

Sulphine Brown {Lepetit, Dollfuss, and Gansser). 

Sulphaniline Brown {Kalle), 

Vidal Black {Fahr. de. Prod, cliini. St Denis) is prepared by fusing 
/-aminophenol (or /-phenylenediamine) with sodium sulphide. 

Vidal black dissolves in water with a green colour. Cotton is dyed 

1 Knecht, / Soc. Dyers and Co/., 1906, 22, 156; cf. also Alt. Fiirber-Zeii., 1906, 17, i6g, 
185 ; Wrayjy. Dyers and Col., 1907, 23, 70, 

3 Wirther, Ftirber’-Zeit, 1907, 18, l6i ; /. Soc. Dyers and Col, 1907, 23, 191.* 

® Rosenberg, Z. angew. Ckem., 1909, 22, 2129. 
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!n the presence of sodium carbonate and sodium chloride, and is fixed- 
in a bath of potas^-um bichromate and sulphuric acid, whereby blue- 
grey to black shades are produced, which are very fast. 

Vidal Black S i 4 obtained from Vidal black and an alkali sulphite. 

The same "firm a^so manufacture ^-Autogen Black, Autogen Grey, 
and Sulphur Blue B. 

Thiocatechin and' Thiocatechin S {Poirrier) are related in the 
same way as Vidakblack and Vidal black S. Thiocatechin is prepared 
by fusing para-diamines and acetyl-nitroamines with sulphur and sodium 
sulphide. It dyes cotton brown. 

Italian Green {Lepetit, Dol^uss, and Gansser) is prepared by 
heating /-nitrophenol with sulphur, sodium hydroxide, and copper 
sulphate. 

The commercial product is a black mass which dissolves in water 
with a green colour. Sulphur is deposited and hydrogen sulphide is 
evolved from the aqueous solution by the addition of hydrochloric acid. 

It produces green shades on cotton in a boiling bath containing 
10 per cent, of sodium chloride. 

Immedial Yellow D (Cassel/a) is prepared from ;/^-tolylenediamine 
and sulphur (at 190°), and Immedial Orange N from the same 
materials (at 250*"). 

Eclipse Yellow {Geigy) is obtained by adding benzidine or in- 
tolylenediamine to the product which results on fusing sulphur and 
mono- or di-formyl-?;^-tolylenediamine. 

Thional Brown R {SandorS) occurs as a blajsk, coarse powder which 
dissolves in water with a blackish brown colour. The aqueous solution 
evolves hydrogen sulphide and gives a brown precipitate on treat- 
ment with hydrochloric acid. Sodium hydroxide does not produce any 
change. The brownish red solution in sulphuric acid becomes turbid 
on dilution with water owing to the separation of a precipitate. On 
unmordanted cotton in a boiling bath containing 3 to 5 per cent, of 
sodium carbonate, and 50 per cent, of sodium chloride, it produces 
dark-brown shades, which are quite fast to washing and very fast to 
light, and can be graduated at will by topping with basic dyes in a 
cold bath containing acetic acid and a little alum. 

The same firm manufactures Thional Black and Thional Green. 

Thion Black {Kalle) is prepared by treating dinitrophenol with a 
quantity of sodium tetrasulphide, '"insufficient for complete reduc- 
tion. 

Other dyestuffs derived from dinitrophenol are Immedial Black N 
{Cassella), Sulphur Black T extra {Akt, Ges.\ and Thiophenol Black 

T extra {Soc. Client. Ind.y Basle), 

Thion Green {Kalle) is the product of the reaction between 
alcoholic sodium hydroxide and /-hydroxyphenylthiocarbomide. 
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Thion Yellow G and GG (Kalle) are derived from thio-;;^-tolylene- 
diamine. ' ,'/ 

Melanogen Blue B (JY. L, Br.) is the substance 'Which is obtained by 
heating the intermediate product, containing z/hc chloride, of the 
naphthazarin melt with sulphur and sodium sulphi;W* 

Cryogen Brown prepared from i yS-dinitronaphthalene, 

is a black powder which dissolves very easily in watet with a brownish 
yellow colour. The solution is unchanged by soditTm hydroxide, but 
gives a blackish brown precipitate and evolves hydrogen sulphide on 
treatment with hydrochloric acid. * The dyestuff is insoluble in con- 
centrated sulphuric acid or alcohol. 

It dyes unmordanted cotton dark brown in the cold in a bath 
containing sodium chloride. 

Cryogen Blue GR (B.A.S^F,) is also prepared from i : 8-dinitro- 
naphthalene, and can be employed in the presence of sodium chloride. 

Fast Black (B,A.S,F,) is a dyestuff of this class. 

Fast Grey D and S (Claj/tou)^ are black powders, which are 
insoluble in water, but dissolve in a solution of sodium sulphide. 
Concentrated sulphuric acid produces a greyish black or bluish black 
solution. They are insoluble in alcohol. 

Cotton is dyed in grey shades in a solution containing sodium 
sulphide, sodium hydroxide, and sodium chloride. The fastness of the 
colours is increased by subsequent treatment with copper sulphate and 
potassium bichromate. 

Sulpho Black (^Holliday) ^ dyes cotton in a bath containing sodium 
chloride and sodium carbonate. 

Immedial Blue {Casselld)^ resembles immedial black in its appli- 
cation and properties. Cotton is dyed for one hour at 6o — 90° in a 
bath containing sodium carbonate (10 per cent), sodium sulphide 
(10 per cent), sodium chloride (100 per cent), and dyestuff (10 to 20 
per cent.), rinsed at once with cold water, and treated with sodium 
■peroxide or hydrogen peroxide, whereby very fast, indigo-blue shades 
are produced. 

The commercial product is a grey powder, which is insoluble in 
water and in alcohol. It is slightly soluble in sodium carbonate or 
ammonium hydroxide, and more so in solutions of sodium hydroxide 
and alkali sulphides. Concentrated sulphuric acid, in which the dyestuff 
is insoluble, produces an evolution* of a little hydrogen sulphide and 
sulphur dioxide, and a precipitate of sulphur. 

The dyestuff is prepared by heating dinitrohydroxydiphenylamine 
with sulphur and sodium sulphide. 

^ Rev. Gen. Mat. Col.^ 1899, 3, 241. 

Ibid .^ 1900, 4, 7. 

II 


® Ibid.y 1900, 4, 7. 

^ Ibid., 1900,% 

3 u 
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Thiophor Indigo CJ {C. Jdger) is the leuco compound of 4- 

hydroxy-3-thiol-/-dimethylaminophenyl-a-naphthylamine. 

Immedial Blacb V extra, G extra {Casselld) is prepared from 
2":4'-dmitro-4-hydr6 ^ydiphenylamine, and consists of a finely divided, 
non-hygroscopic pov^der, which is easily soluble in water. The dyestuff 
is precipitated from tie aqueous solution by acids. 

Immedial Indone R {Casselld), from ^-aminotolyl-/'-hydroxydi- 
phen3damine, Immedial Cutch, Immedial Direct Blue, etc., belong 
to this class, and also Immedial Sky Blue, a powder with a bronze 
lustre, which is insoluble in water" and dilute acids, but dissolves in 
alkali hydroxides, concentrated sulphuric acid, and concentrated hydro- 
chloric acid ; it is prepared from /-dimethyl^-amino-/'-hydroxydiphenyl-. 
amine, and forms a bisulphite compound which crystallises well. 

Immedial Bordeaux G and Immedial Maroon B {Casselld) should 
also be mentioned. 

Auronal Black {Ter Meer) is prepared from dinitro-/-aminodi- 
phenylamine. 

Thion Blue B {Kalle) is derived from /-nitro-^?-amino-/-hydroxy- 
diphenylamine. 

This class also includes : — 

Catigen Brown N {Baj/er) and Cold Blacks B and R {Akt. Ges)} 
The last two are blackish brown powders, which are slightly soluble in 
cold water, but dissolve more readily in hot water with a brownish 
black (B) or violet-black colour. By the addition of hydrochloric acid 
a violet-black precipitate is produced, whiclvis turned brown by an 
excess of the acid (B); under the same conditions, brand R gives a 
blackish brown precipitate, becoming lighter. Sodium hydroxide 
produces a reddish brown (B) or a violet-black precipitate. The blue 
solution in concentrated sulphuric acid gives a brown precipitate on 
dilution with water. 

These dyestuffs can be employed on cotton in a cold bath contain- 
ing 2 to 5 g. of sodium sulphate and 5 g. of soap (per litre). For 
darker shades, 5 to 15 g. of sodium sulphate, and 3 g. of soap are used. 
They should be dyed as quickly as possible. 

They are well adapted for dyeing mercerised cotton. 

Catigen Indigo RL extra {Bayer') is specially recommended for 
cop-dyeing. 

The following also are included in this class : — 

Eclipse Blue, Eclipse Green G, Eclipse Black, Eclipse Red, 
Eclipse Browns G and B {Geigy) ; Sulphur Brown G, 2G, Sulphur 
Cutch R, G, Sulphur Corinth B, Sulphur Blue L "extra, Sulphur 
Indigo B {Akt Ges)\ the Pyrogen dyestuffs of the Ges, f. Chem. 
Industrie, Basle, of which Pyrogen. Direct Blue was the first direct 

1 Ret\ Gen, Mai, M, 1899 , 3 , 125 .. 
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blue sulphide dyestuff, and Pyrogen Yellow M the first yellow sulphur 
dyestuff; Pyranil Black G, Thiogen Black, Rfxoll Black {Rexoll 
Ltd,), Thiogen Purple, Thiogen Dark Red j and R, Thiogen 
Rubin O (the first red sulphur dyestuff) {M. L, 3 r,), and the Thionol 
dyestuffs of Levinstein, Ltd 

Anthraquinone Black, prepared from dinitroanthraquinone 
(B.AS.F,),'^ is a blue-black powder, which dissolves, easily in cold 
water with a bluish black colour. Sodium hydroxide changes the 
colour of the solution to blacktsh blue. Hydrogen sulphide is evolved 
and a black precipitate is obtained ‘on the addition of hydrochloric acid. 
The dyestuff is insoluble in concentrafed sulphuric acid and in alcohol. 
It is employed on cotton in ja bath containing 20 per cent, of sodium 
sulphide, and 100 per cent, of sodium chloride. The mixture is poured 
in at 60°, and slowly raised to the boiling point; after one hour’s 
boiling, the material is washed carefully, suspended for one hour in the 
air, and finally passed through a bath containing 5 per cent of 
potassium bichromate and 5 per cent of sulphuric acid. 

Twenty to twenty-five per cent of the dyestuff must be employed 
to produce a black. The shade is not so blue as that produced by 
Vidal black. 

Sulphide dyestuffs on cotton are identified by heating the material 
with stannous chloride when hydrogen sulphide is liberated. The 
sample of cotton should be boiled for one or two minutes in a 10 
per cent solution of sodium hydroxide before applying the test This 
removes any admixed sulphur or sulphur compounds, but has no 
effect on the sulphide dyestuffs. The sample is well washed and 
heated with stannous chloride in a test tube, the evolution of hydrogen 
sulphide being detected in the usual way with paper moistened with 
lead acetate solution.^ 

A comparison of the tinctorial values of black sulphide dyestuffs 
has been made by Buratti.^ 

^ Gen. Mai, Col, 1899, 3, 248. 

2 Green and Stephens, _/. Soc, Dyers and Col,, 1907, 23, 118. 

^ Rev, Gen, Mat, Col., 1908, 12, 105. 
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& 

GENEi^AL Procedure for the chemical 

EXAMINATION OF DYESTUFFS.^ 

When a teclw^^al dyestuff of unknown nature is to be examined, 
the first experiment, excluding the determination of its solubility in 
water or alcohol, is always a dye-trial {cf, p. 934). By this means the 
shade is ascertained at once, and moreover the whole behaviour of the 
substance, with regard to the fabric, can be determined. If the 
latter does not supply any information the dyestuff is next tested on 
wool in a neutral bath. All basic dyes, with the exception of methyl 
green, are completely fixed, and the bath is nearly exhausted. In the 
case of green dyestuffs it is better first to select silk. 

Ifthe dyestuff can be used without a mordant, the next experiment 
is carried out in the presence of dilute sulphuric acid, alum, or zinc 
chloride. By the addition of these substances both acid and basic 
dyes can be fixed. The number of the latter is so limited (alkali 
blue, alkali green, alkali violet) that their detection presents no 
difficulty. The recognition of dyestuffs which dye cotton in alkaline 
solution, and of those which can only be fixed by metallic mordants is 
equally simple. 

Mixtures of different dyestuffs can usually be detected as such by 
scattering the powdered substance lightly over 'U. filter-paper moistened 
with water or alcohol. The separate constituents each produce 
differently coloured spots. Frequently the same object is attained by 
allowing a drop of the solution to fall on to filter-paper. The colour 
round the margin of the stain thus produced differs from that in the 
middle, because the various dyestuffs stain the paper at different 
rates. 

The more important reagents for the identification of known 
dyestuffs are concentrated sulphuric acid and hydrochloric acid, alkali 
hydroxides, zinc dust, and also a solution of calcium chloride which is 
specially used in the case of azo dyes. 

Most dyestuffs exhibit characteristic colour-changes by treatment 
with concentrated acids. 

Concentrated sulphuric acid Is an excellent reagent for the 
recognition of mixtures, since frequently it produces entirely different 
colour-changes in many dyestuffs of otherwise the sp.me shade. A 
small quantity of the powdered dyestuff is scattered over a few drops 
of sulphiM-ic acid in a porcelain basin. The presence of different 
constituents is shown by the formation of differently coloured streaks 
1 C/, Rota, Chem. ZeU.^ 1S98, 22, 437 ; Gulinow, Z Farh. Ind.^ 1906, 5, 337. 
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in the liquid, which are rendered more distinct by tilting the basin to 
and fro. 

Basic dyes, which are always employed in the form of their neutral 
salts, frequently exhibit a different behaviour ’:owards alkalis. For 
example, salts of rosaniline yield#a precipitate of d:he base by treatment 
with dilute alkali hydroxides, whilst this is not th i case with safranine. 

The behaviour towards zinc dust and other reducing agents is 
especially characteristic. Almost all dyestuffs are decolorised by these 
reagents, but in very different ways. For example", all _the azo dyes 
undergo complete fission in such a way that the dyestuff cannot be 
easily regenerated from the products«of the reduction; other dyestuffs 
are converted into so-called leuco bases,” which usually oxidise only 
slightly in the air but can be reconverted into the original dyestuff by 
a suitable oxidising agent. The latter property is shown by all dyes 
of the rosaniline series. Again, a third class of dyestuffs are likewise 
decolorised by reducing agents, but the resulting colourless compound, 
especially in alkaline solution, very rapidly reproduces the original 
dyestuff in contact with air. Since this behaviour is quite analogous 
to that of indigo vats, it is denoted in the sequel by the term “vat 
formation.” For example, a highly coloured alcoholic solution of 
safranine in the presence of an alkali hydroxide is rapidly decolorised 
by boiling with zinc dust If the reduction has been effected in a 
closed flask from which the air has been previously expelled by 
boiling, the solution remains quite colourless, but acquires its original 
colour suddenly when,, the stopper is removed. This experiment 
which was first shown by A. W. Hofmann with Magdala red, is 
equally effective with the more readily obtainable safranine. In 
addition to these two dyes, mauveine, chrysaniline, and induHne 
exhibit the same behaviour, and also methylene blue in a less 
degree. 

The azo djyes are usually affected by reduction in such a way that the 

4woInLtr^^_i|oj|L%riljfe. 

distribujed between the original com ^ Fpy, , eKaipple, pn,„.p^Q 

'**33^^Smed by coupling^^^diazo compound with a phenol, yields by 
reduction the amine from which the idiazo compound was prepared, the 
^QQSdpitrog^n" atorn^ "diazd compound entering the phenol in 

an aipjno group, thus producing an aminophenol in which 
the amino group is usually in th« para-position. Thus, hydroxyazo- 
benzene yields aniline, and /-aminophenol, according to the equation ; — 

C.Hs . N . CgH, . OH -h 2 H 55 == 0^11, . NH^ + NH/. . OH. 

When a sulphonic acid group is present in either of the nuclei, the 
corresponding sulphonic acid of the above substance is obtained. In 
many cases the reductive fission of azo compounds^ furnishes a good 
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method of ascertaining their constitution ; considerable experience is 
required, however, it| separating the products of the reduction, especially 
when they both contain sulphonic acid groups. 

An acid splution^of stannous chloride is a better reducing agent 
than zinc dust. It reduces most of th£ azo dyes very easily on warming. 
The tin is removed treatment with hydrogen sulphide. 

Bases can b^ ;separkted by adding an alkSli hydroxide and extract- 
ing with ether, whSst sulphonic acids remain in the alkaline solution. 
A systematic procedure for the further examination and separation of 
these substances cannot be given, t'requently recourse must be had to 
elementary analysis ; at other tim^es a few simple reactions suffice. 

Most of the commercial dyestuffs and their more important reactions 
are tabulated in the following pages. 

A guide to the Identification of some of the commonest Dyestuffs 
on the Fibre” has been published by C. Dreher.^ The methods are 
arranged according to the applications of the dyestuffs, cotton dyes 
being treated first, then wool dyes, and so on. The original publication 
must be consulted for the details of carrying out the reactions.^ 

These tables contain first mordant dyestuffs (for wool, silk, cotton), 
then direct dyestuffs (for wool, silk, cotton). The test on the fibre 
is performed by placing a small piece of the dyed tissue or skein in a 
porcelain dish and treating it with about i c.c. of the solution of the 
reagent 

The statements in the tables refer to*^ the reactions observed 
immediately or very shortly after the additJbn^ of the reagent A 
large number of these reactions have been studied by G. Weber, 
O. Knecht, and W. Dursteler.^ The samples examined in recent 
years by them are denoted by the name, in brackets, of the firms by 
which they are manufactured, for which the following abbreviations are 
employed : — 

(A) = Aktiengesellschaft fiir Anilinfabrikation, Berlin. 

(B) = Badische Anilin-und Soda-Fabrik, Ludwigshafen. 

(BF) = Easier chemische Fabrik., Basle, 

(By) = Farbenfabriken vorm. Friedr. Bayer Sc Co., Elberfeld. 

(C) == Cassella & Co., Frankfurt a. M. 

(Cl.Co) = The Clayton Aniline Co., Ltd., Manchester. 

(D) = Farbwerke vorm. L. Durand, Huguenin & Co., Basle. 

^ Z, Farh Ind.^ 1902, I, 415. 

Cf, also “TestF of Coal tar Dyestuffs,’’ E. T. Leipziger Fdrher.^Zeit^ 1904, 53 > 

154, 161, 185, 193, 203; Matthews, Textile Colorist^ 1904, 354; Green, Yeoman, and Jones,/. 
Soc, Dyers and CoL^ 1905, 21, 236 ; Green, Yeoman, Jones, Stephens, and Haley, ibid.^ 1907. 
23,252 ; Capron, Rev, Gen, Mat CoL^ 1906, 10, 129, 206 ; 1907, ii, 129, 236, 324 ; 1908, 12, 45, 
251, 321, 348 ; Holden,/, Dyers and Cb/., 1909, 25, 47 ; Green and Frank, ibid,^ 1910, 26, 83, 

^ Farber,~Zeit,, 19(^3, 14, 139, 162 ; 1904, 15, II9, 134 ; 1905, 16, 83. 
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(G) = AniHn-und Extrakt-fabriken, vorm. Job. Rud. Geigy A.-G., 

Basle. 

(H) = Farbwerke Hochst, vorm. Meister, Lucilis, und Briining. 

(J) = Gesellschaft fur chem. Industrie, Basle, f 

(K) = Kalle & Co., Biebrich a. Rh. 

(L) = Farbwerk Muhlheim vorm. A. Leonhardt & Co. 

(Lev.) = Levinstein Ltd-., Manchester. 

(0) = K. Oehler, AniHn-und Anilinfarben-fabrik? Offenbach a. M. 

(R) = Read Holliday & Sbns, Ltd., Huddersfield. 

(S) = Chemische Fabrik vorm.* Sandoz, Basle. 

The tables are given in extenso^ although they cannot claim any 
great* value in actual practical work. Such a compilation is, however, 
very useful for many purposes, as frequent experience has shown. 

The abbreviations F and S denote fibre and solution respectively. 


[Tables. 



1050 


ORGANIC DYES 


Byestiifi'. 

Concentrated SuTpliuric 
% Aoid, 

*• 

10 per cent. 
Sulpliuric Acid. 

Concentrated 
Hydrochloric Acid. 

Black, Violet, & Blue^Dyes 

Indigo (Vat-blue), on wool 

f| Olive-green ; paler blue 
on dilution 

S. First yellow, then olive 
^ and green, finally 
dark blue 

No action 

« 

F. No action 

s. 

1 

Indigo pure, BASF/RBN(B) 

F. Darker 

S. Light green 

r 

F. Darker 

S. Colourless 

Logwood, with chromed wool 

F. Olive-brown 

S. Yellow 

Violet 

F, Slowly red- 
violet 

S, Reddish violet 

Logwood, with iron^mor- 
danted wool 

F. Olive-brown 

S. Yellow 

F. fDull purple 

S. Pale red 

F, Crimson 

S. Crimson 

Chrome black, on wool with 
indigo ground 

F. Dirty red-brown 

S. Dirty green - yellow ; 
green on dilution 

Slight change 

F. Redder 

S. Crimson 

Alizarin black, with chromed 
wool 

F. Slight change 

S. Dirty grey 


F. Slight change 

S, Dirty rose 

Diamond black, with chromed 
wool 

F. Greener 

S. Blue-green ; violet on 
dilution 

... 

F. Dark blue-green 
S. Colourless 

Gallein, with chromed wool 

F. Dark brown 

S. Brownish 

Red-violet 

F. Daik red 

S. Amber-yellow 

Gallocyanine, with chromed 
wool 

F. Bluer 

S. Deep blue ; rose on 
dilution 

F. Slight action 

S. Slightly violet 

F. Violet 

S. Violet 

Celestine blue B,with chromed 
wool 

F. Nearly decolorised 

S. Bright blue 

Redder 

F. Red-violet 

S. Red-violet 

Alizarin blue S, with chromed 
wool 

F. Greener 

S. Dark green-blue 

No change 

F. Redder 

S, Pale red 

Brilliant alizarin blue, with 
chromed wool 

F. Green-yellow ; violet to 
blue on dilution 

S. Green 


F. Bright green ; 

violet on dilution 
S. — 

Alizarin indigo blue, with 
chromed wool 

F. Darker 

S. Dark red-blue ' 


F. Rather darker 

S. Rose 

Alizarin cyanin R, with 
chromed wool 

F. Dark red-blue : 

S. Dark blue ; violet on 
dilution 

Darker 

1 

F. Redder 

S. Pale blue 

Brilliant alizarin cyanin 3G, 
with chromed wool 

F. Darker; reddish on dilu- 
tion 

S. Lilac 

i 

F. Black ; colour 
restored on dilu- 
tion 

S. Slightly yellow ; 
lilac on dilution 

Chrome blue, with chromed 
wool 

F. Crimson 

S. Dirty maroon 

... 

F. Crimson 

S. Rose 

Chrome violet (Bayer), with 
chromed wool 

F. Orange-yellow 

S. Yellow 

... 

F. Bright crimson 

S. Rose 

Chrome patent black TG, 
with chromed wool 

F, Dark green, then brown 
S. Red 

f* 

No change 

F. Dark red 

S. Slightly rose 

Chrome patent black BT, 
with chromed wool 

F. Green, then red 

S. Green, then red 

No change 

F. Slightly blue 

S. Slightly rose 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

1 

Stannous Chloride and 
Hydrochloric Acid. 

... 

Yellow, with green 
border 

• 

F. No action 

s. — ■ 

9 

J 

/ 

F. No action 

S. ~ 

On warming 

F. Paler 

S. Greenish yellow 

... 

F. Bright 3 ’ellow 

S. Yellow 

• 

F, Darker # 

S. Light yellow 

No change 


Orange, with red 
border 

F. Slowly violet 

S. — • 

F. Violet 

S. Violet 

First purple, then 
brown 

... • 

Yellow-orange 

F.„ Slowly violet 

S. — 

F. Violet 

S. Violet 

First purple, then 
brown 


Yellow, with red 
border 

F. Redder 

S. — 

F. Redder 

S. — 

Slight change 


Olive-brown 

F. Green-blue 

S. — 

F. Dark green-blue 
S. — 

Dirty oliVe-yellow 


Dark red 

F. — 

S. Blue-grey 

F. Darker 

S. Blue-grey 

Decolorised 


Yellow 

F. No change 

S. — 

F. Somewhat bluer 
S. — 

Brown-red 


Red-brown 

i 

... 

F. Dirty purple 

S. — 

... 

1 

i 

Yellow 

F. Slight action 

S. — 

F. Decolorised 

S. — 

Decolorised 


Yellow, with violet 
border 

F. Slight action 

S. — 

F. Blue-green 

S. Colourless 

Dull dark violet 


Yellow 

F. Green-blue 

S. — 

F. Green-blue 

S. Colourless 

Decolorised 


Dirty yellow, with 
violet border 

F. Greener 

S. — 

F. Greener 

S. Colourless 

... 


Dirty green 

... 

F. Greener 

S. -- 

Redder 


F. Dark green 

S. — 

F. Darker 

S. — 

F. Bluer 

S. — 

F. Dark blue 

S. — 


Green-yellow 

... 

... 

Somewhat greener 


Yellow, with red 
border 

F. Paler 

S. — 

F. Paler by keeping 
S. — 

- 

No change 

Brown-red 

No change 

Dark blue 

Decolorised 

No change 

Brown 

No change 

Slightly blue . 

% 

Decolorised 


* With 5 per cent. NaOH. 
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Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydroehlnric Acid. 

Chrome patent blade TR, 
with chromed wool 

. Green, then brown ^ 

S. Green, then brown 

No change 

Dark blue 

Chrome patent black T, with 
chromed wool ^ 

1 Dark green 

^ No change 

Blue-green 

Azo acid black S'BL, witb^ 
chromed wool 

Carmine-red 

No change 

F. Reddish 

S. Rose 

Cyananthrol BGA (B) 

F. Redder 

S. Colourless 

... 

F . Pale dull crimson 
S. Colourless 

Cyananthrol RB (B) 

F. Purple 

S. Colourless 

( 

F. PuTple 

S. Colourless 

Chrome blue R, with wool 
subsequently treated with 
potassi&m bichromate 

F. Reddish brown 

s. — 

... 

F. Reddish brown 

S. — 

Chrome patent black TG, 
with wool 

F. Green, then browm 

S. Red 

Dark brown 

F. Dark brown 

S. Rose 

Chrome patent black BT, 
w'ool 

F. Brown 

S. Green, then red 

F. Slight change 

S. Reddish brown 

F. Blue 

S. Rose 

Chrome patent black TR, 
wool 

F. Green, then brown 

S. Green, then brown 

F. Slight change 

S. Reddish brown 

F. Brown 

S. Rose 

Chrome patent black T, wool 

Green, then dark-green 

Very slight change 

F. Blue-green 

S. Reddish violet 

Palatine chrome black S (B) 

F. Violet, then purple 

S. Violet, then purple 

... 

No change 

Palatine chrome black 6B 
- (B) 

F. Light blue 

S. Colourless 

... 

F. No change 

S. Colourless 

Palatine chrome blue WB (B) 

F. Little change 

S. Pale reddish blue 

... 

i ! 

No change 

Palatine chrome blue W2B 
(B) 

F. Deep violet 

S. Deep violet 

... 

No change 

Palatine chrome blue BB 
CB) 

F. Black 

S. Colourless 

... 

F. Reddish black ! 
S. Colourless i 

Anthracene chrome black 
PPN extra (C) 

F. Violet 

S. Violet 

] 

F* No change 

S. Colourless 

Chromate black TB, with 
wool subsequently treated 
with copper sulphate and 
potassium bichromate (A) 

F, Black 

S. Red violet ; blue-red 
on dilution 

... 

F. Dark red-brown; 
dark violet-brown 
on dilution 

S. Slightly yellow ; 
slightly red on 
dilution 

Domingo alizarin black B, 
with wool subsequently 
treated with potassium 
bichromate (L) 

F. Violet tinge 

S. — 


... 

Melanthren B (B) 

F. Olive 

S. Colourless 


F. Little change 

S. Colourless 

Azo acid black 3 BL, wool 

Carmine-red 

Slightly reddish 

Brick red 
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10 per cent. 

Nitric Acid. 

Ammonium Hydroxide. 

10 per cent. 

Stannous Chloride and 

Hydroeliloric Acid. 

Sp. gr. 1’40. 

Sp. gr. 0’91. 

Sodium Hydroxide. 

Hydrochloric Acid. 

No change 

Brown 

No change 

Red-violet 

Decolorised 

No change 

Brown-red n 

1 No change 

Sligh-ssly blue 

Decolorised 

No change 

Blue-black 

Jjrreenish 

Blue ^ 

Pale green 


F. Dull orange yel- 
low 

S. Colourless 

• 

F. Greener 

F. Paler and redder 

*“ 

••• •> 

S. Colourless 

S. Purple 


F. P urp le, then 




... 

brown to orange- 
yellow 

... 

No change ■■ 

Redder 


S. Colourless 





F. Brown 


F. Violet 


... 

S. — 


S. — 


No change 

Reddish yellow 

Reddish blue 

Dark blue 

Decolorised 

No change 

Brown 

F. Slight change 

S. Wine-red 

F. Blue 

S. Blue 

Decolorised 

No change 

, Reddish yellow 

Blue-violet 

Deep blue- violet 

Decolorised 

No change 

Reddish yellow 

Slightly blue 

Blue 

Decolorised 


F. Maroon 


No change * 

Dull reddish blue (on 

••• 

S. Reddish grey , 


warming) 


F. Red 


F. Light blue 

F. Light blue 

... 

S. Yellow 

... 

^ S. Red 

S. Blue 


F. Deep crimson 

S. Colourless 

... 

No change * 

Little change 

... 

F, Maroon 

S. Dull reddish grey 


No change 

No change 


F. Yellowish brown 
S. Dull yellow 

... 

No change ■’' 

Slightly reduced 

... 

F. Redder 

S. Light red 

... 

F. Violet 

S. Violet 

Decolorised 


F. Dark brown 


F. Dark violet- 



S. Brownish yellow; 


brown 


... 

brownish on di- 

... 

S. Slightly carmine- 

• ■ • 


lution 


red 

i 


F. Dark brown, 
slowly paler 





S. — 









... 

F. Dull yellow 

S. Colourless 


No change * 

No change 

Slightly brick-red 

Red-browm 

Slightly Bordeaux 
red 

Bordeaux red 

Decolorised 


Witli 5 per cent. NaOH. 
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ORGANIC DYES 


Dyestuff. 

Concentrated Sulplmric 

10 per cent. 

Concentrated 

Acid. 

i__ 

Sulplmric Acid. 

Hydrochloric Acid. 

Naphthol black B, wool 

f. Dark blue-green ^ 

S. Green-blue ; violet on 
dilution 

Slight change 

F. Slight change 

S. Colourless 

Naphthol black 3B, wooi-* 

F^Dark blue- green 

S. Green-blue 

^Slight change 

F. Slight change 

S. — 

Naphthol black 6B, wool 

F. Greener 

S. Greenish ; blue-violet 
on dilution * 

r 

Slight change 

F. Redder 

S. Colourless 

Naphthylamine black D, wool 

F. — 

S. Blue-black ; red-violet 
on dilution 

Slight change 

f 

F. Slight change 

S. Pale green 

Anthracite black D, w^ool 

F. Greener 

S. Greenish grey 

Slight change 

F. Violet 

S. — 

Victoria black 5G, wool 

% 

F. — 


F. Greener 

S. Dirty green 

*** 

S. Colourless 

Victoria black blue, wool 

F. — 

S. Blue-green 


... 

Jet black R, wool 

F. Deep blue 

S. Deep blue 

Slight change 

F. Little change 

S. Slightly green 

Wool black, wool 

F. — 

S. Deep blue; violet on 
dilution 


F. Brown-purple 

S. Dirty brown 

Nyanza black B, wool 

Darker with green tinge 

Bluer 

Blue-violet 

Chrome fast black B, wool 

Blue 

Slight change 

Slight change 

Nerol B, wool 

Blue 

No change 

Slight change 

Nerol BB, wool 

Blue 

Nt change 

Bluer 

Biebrich patent black, wool 
(blue-black) 

Blue-green 

No change 

Slightly reddish 

Alizarin blue-black B, wool 

Blue-violet 

No change 

Violet 

Azo acid blue 3B cone., w'ool 

F, Violet 

F. Slowly becomes red 

F. Violet, then car- 

(H) 

S. Violet 

S. — 

S. Rose 

Wool black 6B, Palatine 
black 4:B, wool 

Blue-black 

No change 

Solution reddish 

Wool black 4:BF, wool 

Blue-black 

No change 

Violet-red 

Wool deep black 2B, wool 

Blue-black 

No change 

Violet-red 

Wool deep black 3B, wool 

Blue-black 

No change 

Violet-red 

Tabora black X, wool 

Blue-black 

No change 

No change 

Amido acid black B, wool 

Rather dark 

F. Rather darker 

F. Rather darker 

(A) 

S. — 

S. — 

S. — 

Amido acid black 4:B, wool 

(A) 

F. Ratherdarker and more 
bluish 

S. — 

... 

F. Rather darker * 

S. — 

w 

Amido acid black 6B, wool 

F. Rather darker and more 
bluish 



(A) 

S, — 



Ortho black SB, wool (A) 

0 

F. Red-brown 

S. Red on dilution 


F. Carmine 

S. Carmine 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide, 
ISp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Ciiloride and 
Hydrochloric Acid. 


Orange-red 

F, Blue-vijplet 

S. Violet 

F, Slight cl?ange 

Grim son- red 


Red 

F. Blue-violet 
b. Violet 

F. Slight change 

Dull crimson 


Red 

F. 

S. Pale blue 

• 

F. Slight change 

Dark purple 

... 

Biowm 

F. — • 

S. Pale red-violet 

F. Bluer 

S. Blue 

Slight change 

... 

Greenish yellow, 
with brown border 

... 

F. Slight change 

S. Rose 

Deep red-violet 


Dirty red 

F. — 

S. Blue-violet 

F. Dark green 

S. Green 

Decolorised 


Red-yellow, with 
red border 

F. ~ 

S. Red-violet 

F. Greener 

S. Dirty violet 

... 


Yellow, with red- 
brown border 

F, Little change 

S. — 

F. Dark green 

S. — 

Paler, finally colour- 
less 


Yellow', with red 
border 

... 

F. Slowdy becomes 
dark violet 

S. Violet 

Pale olive-brow'n, 
slowly becomes 
colourless 

Bluer 

Brown-red . 

Darker 

Greyer 

Slight change 

Slight change 

Dirty brow n 

Slight change 

Slight change 

Slight change 

No change 

Browm-red « 

Slight change 

Slight change 

Slight change 

No change 

Brow'n-red ^ 

Slight change 

Slight change 

Slight change 

No change 

Brown-red 

Blue 

Bluish 

No change ^ 

Slight change 

Brown-yellow' 

Slight change 

Bluish 

F. Paler 

S. Brown-yellow 

F. Slowly be- 
comes red 

S. - 

F. Yellowish brown 
S. Pale brow'n 

F. Grey-violet 

S. -- 

F. Red-browm 

S. — 

F. Becomes slowly 
tinged with violet 

S. — 

No change 

Bordeaux red 

Blue 

Blue 

No change 

No change 

Deep Bordeaux red 

Blue 

Reddish blue 

No change 

No change 

Red-brown 

Blue 

Blue 

No change I 

No change 

Brown-red 

Blue 

Blue 

No change 

No change 

Brown-red 

Blue 

Reddish violet 

Colourless 

F. Darker 

S. — 

F. Deep red-brown 
S. — 

F. Rather bluer 

S. — 

F. Bluer 

S. — 


... 

F. Deep red-brown 
S. — 

F. Rather bluer 

S. Pale blue 

F, Bluer 

S. — 

... 

... 

F.Deep red-brown 
S. — 

F. Bluer 

S. Pale blue 

F. Bluer 

S. — 

- 

... 

F. Red-brown 

S. Rose 

F. More violet 

S. Violet 

F. Violet 

. s. — 

1 ^ ’ 

1 F. Bhier 

S. — 
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ORGANIC DYES 


Dyestuff. 

Goncentrale<l Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Sulphon cyanine black 4B 

F. No change 

Colourless f 

... 

F. Lighter 

S. Violet 

Sulphoncyanine black BR 

(By.) 

F. No change 

S. Colourless 


F, Lighter 

S. Light brown 

Wool grey, wool ^ 

F. Dirty light maroon 

S. Dirty grey 

Grey-violet 

F. Lighter 

S. Brownish maroon 

Fast violet reddish, wool 

F. Dark deeper gre}^ 

S. Blue » 

IT 

Brighter 

F, Bluer 

S. Light blue 

Fast violet bluish, wool 

F. Dark green «■ 

S. Dark green 

Brighter 

F. Dark blue-green 

Victoria violet 4BS, wool 

F. Blue-violet 

S. Violet 

f 

Rather redder 

F. Re^-violet 

S. Rose 

Red violet 4RS and 5RS, 
wool 

F. Dull yellow 

S, Yellow 

Stronger 

F. Nearly decolor- 
ised 

S. — 

Acid violet 2B, wool 

F. Dull yellow 

S. Yellow 

Greenish yellow 

F. Greenish yellow 

Acid violet 4BN, wool 

F. Reddish yellow 

S. Yellow 

Stronger 

F. Bright yellow 

S. Yellow 

Formyl violet S4B, wool 

F. Reddish yellow 

S. Yellow 

Bluer 

F. Reddish yellow 

S. Light yellow 

Formyl violet 6B, wool 

F. Light yellow-brown 

S. Yellow 

No change 

F. Yellowish green 
S. Yellowish green 

Alizarin cyanol violet R (C) 

F. Dark blue 

S. Dark blue 


F, No change 

S. Colourless 

* 

Fast acid violet lOB, wool 

F. Green, then greenish 
yellow 

S. Yellowish 

Bright blue-green 

F. Bright green, then 
amber-yellow 

S. Yellowish 

Alkali violet, wool 

F. Bright orange 

S. Yellow 

Blue-green 

F. Bright orange 

S. Yellow 

Regina violet, wool 

F. Brown 

S. Dirty brown 

Bluer 

F. Dark grey 

S. Light brown 

Violamine R, wool 

F. Red 

S. Dirty red 

... 

F. Bluer 

S. Rose 

Violamine B, wool 

F. Bright scarlet 

S. Dull red 

... 

F. Blue-violet 

s. 

Indigo extract, wool 

F. Olive-grey ; blue on 
dilution 

S. Grey 

No change 

F. Duller 

1 S. Light blue 

Brilliant sulphonazurin R, 
wool (By.) 

F, Blue-red 

S. Red 

Unchanged 

F. Blue-red 

S. — 

Sulphoncyanine G, 'wool 

F. Blue-green 

S. Light blue 

No change » 

F, Green 

s. — 

Sulphoncyanine 3A, wool 

F. Blue-green ; blue on 
dilution 

S. Blue 

No change 

F.Dark green ; colour 
restored on dilution 

s. 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

• 

Stannous Chloride and 
' Hydrochloric Acid. 


F. Light brown 

S. Dark brown 


F. Bluer 

S. Colourless 

JF. Grey 

S. Colourless 

... 

F, Decolorised 

S. Dark brown 

Green-yellow, with 
green border 

• 

F. Dull brown 

S. — 

F. Lighter 

S. Brown 

F. Dull I^ht broffn 

S. — # 

Green 

Violet 

... 

Orange-red, with 
blue border 

F. Liftle change 

F. Blue 

S. Faint violet 

Dull red 


Orange-red, with 
blue-green border 

« 

F. Red-blue 

S. — 

Dull red 


Orange-red 

• 

F. Brown-red 

S. — 

F. Brown-red 

S. Decolorised on 
warming 

... 

... 

Bright yellow 

F. Decolorised 

S. — 

F. Decolorised 

S. — 

Little change 


Yellow, with green- 
blue border 

F. Decolorised 

S. — 

F. Nearly decolor- 
ised 

S. — 

Bluer 

... 

Yellow, with 
greenish border 

F. Decolorised ; 
colour restored 
in the air 

S. — 

F. Decolorised 

S. 

Peacock-green 

... 

Yellow 

F. Lighter 

S. — 

F. Almost decolor- 
ised 

S. — 

Bright green 

Green 

Green • 

Blue 

Light grey 

Red-brown 

... 

F. Yellow ** 

S. Yellow 

... 

F. Lighter 

S. Blue 

F. Lighter 

S. Colourless 

... 

Green, with green- 
yellow border 

F. — 

S. Light blue 


... 

... 

Yellow 

F. Colourless 

S. — 

F. Colourless 

S. — 

Blue-green 

... 

Yellow, with blue- 
green border 

F. Decolorised 

S. — 

F. Decolorised 
(dirty brown) 

Much bluer 

... 

Dull scarlet 

F. — 

S. Rose 

F. Cherry-red 

S. — 

Bluer 

... 

Bright scarlet 

F. Redder 

S. Rose 

F. Red-violet 

S. — 

... 

... 

Yellow, with green 
border 

F. Green 

S. Light yellow 

F. Yellow 

S. Yellow 

Slowly decolorised 

F.’ Dark blue-OTey 
S. ~ 

F. Citron yellow 

S. — 

• 

F. Rather darker 

S. - 

F. Rather darker 

S. — 

F. Rather darker 

S. — 

... 

Biownish 

F, No action 

S. Light blue 

F. No action • 

1 s. — 

Decoloiised 


Orange 

F. No action 

S. Light violet 

F. No aciion 

s. 

Decolorised 


^ With 5 iier cent. NaOH. 
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ORGANIC DYES 






Dyestuff. 

Concoiitrated Sulpliuric 

10 per cent. 

CuiicGntrated 

Acid. 

Su]i)Uuric Acid. 

Hydrochloric acid. 

Alkali blue 4B, wool * 

Blight red ^ 

S. Browm-red 

No change 

F. Redder 

S. Light green 

Water blue, wool 

F. Dull red 

S. ^ed 

No change 

• 

F. Brighter 

S. Light blue 

* 

Navy blue HH, wool 

S. Little change 

F. Colourless ; reddish on 
dilution 

F. Unchanged 

^S. — 

F. Dark brown ; 
colour restored 
on dilution 

S. Faint reddish 


F. Black ; reddi^-h brown 


F. Red-browm ; 

Navy blue BW, wool 

on dilution 

F. Little change 

colour restored 

S. Colourless ; red- brown 

s., - 

on dilution 


on dilution 


S. Reddish brown 

Patent blue (superfine), \vool 

F. Greener ; becomes dark 
yellow 

Bright emerald green 

F. Bright yellow- 
green ; becomes 
amber-yellow 


S. — 


S. Light yellow 




F. Green ; original 

Hbchst new blue, wool (H) 

F. Yellow-brown (sienna) 

S. Reddish 

U nchanged 

colour restored 
on dilution 




S. Blue on dilution 

Cyanine B, wool 

F. Green ; becomes dirty 
yellow 

S. — 

Bright green-blue 

F. Bright green- 
blue ; becomes 
yellow 
c 

Indocyanine BF wool, dyed 



o, — 

in presence of 5 per cent. 

F. Dark green 

F. Slowly becomes redder 

i F. Red-brown 

of ammonium sulphate 

S. — 


S. — 

(A) 




Indocyanine 2R wool, dyed 


(T 


in the presence of 5 per ' 

F. Dark green 

F. Slowdy becomes reddei 

F. Red-brown 

cent, of ammonium sul- 
phate (A) 

S. — 

S. — 

S. — 

Orthocyanine B, wool (A) 

F. Darker 

S. — 


F. Red-violet 

S. — 

Ortho cyanine 6G, wool (A) 

F, Red-violet 

S. Carmine 


F. Carmine 

S. Carmine 

Orthocyanine R, wool (A) 

F, Darker 

S. Violet 

F. Rather more violet 

S. -- 

F. Carmine ; some 
what bluish 

S. Carmine 

Fast acid blue B, wool 

F, Light brown ; blue on 
dilution 

S. Light brown ; light blue 

Little change 

F. Yellow ; blue oi 
dilution 
c 


on dilution * 



Thiocarmine R, wool 

F. Dark green 

S. Dirty green; blue on 
dilution 


F. Blue-green 

S. Blue-green 

Cyanol AB, wool 



Sp. gr. 116 

Colour destroyed 


F. Green 

• 


S. Colourless 
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10 per cent. 
Hydrochloric acid. 

Nitric acid. 

Sp. gr. 1-40. 

Ammonmni Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Cliloride and 
Hydrochloric acid. 


Green, wdth dark 
border 

F. Decoloigsed 

S. Light blue 

F. Purple-b?own 

S. — 



Green 

F. Decolorised 

— 

F. Light brown-red 
S. ^ 

trm 

Little change 

F. Unchanged 

S. — 

F. Brown 

S. Faint reddish 
brown 

F. Bln^k 

S. — 

m 

F. Black 

S. — 

F. Little change 

S. — 

F. Unchanged 

S. — 

F. Dark red-brown; 

black on dilution 
S. Brown 

F. Black 

S. •— 

F. Black 

S. — 

F. Blue-black 

S. — 

... 

Yellow, with green 
border 

F. Little change 

S. Colourless 

F. Greener 

S. Light blue 

At first bright green, 
then light yellow 

Unchanged 

F. Dark green-blue; 
dull green-yellow 
on dilution 

S. Green-blue 

F. Decolorised 

S. — 

F. Slowly decolor- 
ised 

S. — 

Unchanged 


Yellow, with green 
border 

F. Brighter 

S. Light blue 

F. Olive-green 

S. — 


F. Slowly becomes 
rather reddish 
S. — 

F. Violet-black, then 
dark-red brown 
S. - 

» 

F. Blue-black, then 
violet-black 

S. — 


F. Slowly becomes 
rather redder 

S. — 

F. Violet-black, then 
dark-red brown 

S. — 

... 

F. Blue-black, then 
violet-black 

S. ~ 

... 

F. S lowly be- 
comes blue- 
violet 

S. — 

F. Reddish brown, 
then browm 

S. ~ 

F, More violet 

S. Violet 

F. Violet 

S. — 

F. More bluish 

S. — 

F. Red-brown 

S. Brownish rose 

1 

F, Darker, and 
rather more 
violet 

S, Violet I 


F. Red-violet 

S. — 

F. Brown 

S. Yellowish 

F. — 

S. Light violet 

F. Red-'^iolet, then 
carmine 

S. Carmine 

F. Rather more violet 

S. — 

... 

Yellow-green 

F. Little change 

S. — 

• 

F . Light blue-green 
S. Colourless 

Green 


Green, with lighter 
^order 

F. Rather darker 

S. — 

F. Darker 

S. — 

Rather gi-eener 


Sp. gr. 1*42 

F. Decolorised 

S. — 


5 per cent. 

F. Green 

S. Light green on 
warming ^ 

F. Light yellow on 
warming 

S. — 


n 3 X 
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ORGANIC DYES 


Dyestuff. 

ConceDtrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Induline NN (water-soluble), 
wool 

*F. Brighter and redder 

S. Blue ; on dilution violet 

Little change 

F. Stronger 

S. Light blue 

Nigrosine (water - soluble), 

wool 

F. Dark violet 

S' Blue 


F. Darker 

S. Reddish blue 

Naphthazin blue, wool 

F. Green-blue 

S. Blue - green ; red - blue^ 
on dilution 

Little change 

F. — 

S. Blue 

Naphthyl blue, wool 

F. Green 

S Little change*- 

Little change 

F. Little change 

S. — 

Naphthyl violet, wool 

F. Green 

S. Little change 

Redder 

F. Redder 

S. 

Methyl violet B, wool 

F. Orange ; colour restored 
on dilution 

S. Yellow 

F. Blue-green 

S. Green-blue 

F. Orange ; colour 
restored on dilu- 
tion 

S. Yellow 

Methyl violet 6B, wool 

F. Orange ; bright blue 
on dilution 

S. Yellow; bright blue on 
dilution 

Green-blue 

F. Orange 

S. Yellow 

Crystal violet, wool 

F. Orange ; green to violet 
on dilution 

S. Orange ; green on dilu- 
tion 

Dark green 

F. Orange 

S. Yellow 

Ethyl violet, wool 

F. Orange ; green to violet 
on dilution 

S. Yellow ; on dilution 
yellow 

F. Dark olive-green 

S. Yellow 

F. Orange 

S. Yellow 

Brilliant anthrazurol, wool (B) 

F. Black, then brown 

S. — 


F. Black, then hr own 
S. Yellow 

Alizarin astrol B, wool (By.) 

F. Darker and greener, 
then grey-green 

S. Slightly rose 


F. Lilac 

S. Bluish rose 

Victoria blue B, wool 

F. Red ; colour restored 
on dilution 

S. Red 

1 

F. No change 

S. Yellowish 

F. Red ; colour re- 
stored on dilu- 
tion 

S. Red 

Victoria blue 4 R, wool 

F. Red ; colour restored 
on dilution 

S. Red 

No change 

F. Red ; colour re- 
stored on dilu- 
tion 

S. Red 

Night blue, wool 

F. Red 

S, Red? 

F. Green 

S. Yellow 

F. Bright red 

S. Red 

Xylene blue VS, wool (S) 

F , Green, then slowly de- , 
colorised 

S. — : 

F. Schweinfurt-green 

S* 

F. Yellow ; colour 
restored on dilu- 
tion 

S. Yellow on dilu- 
tion 

Xylene blue BS, wool (S) 

F . Green, then slowly de- 
colorised 

S. — 

F. Bluish green 

S. — 

F. Yellow ; colour 
restored on dilu- 
tion 

S. Yellow on dilu- 
tion 
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10 per cent 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40 

AmmonmmHydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

Stannous CJhloride and 
Hydrochloric Acid. 


Daik violet 

F. Little •hange 

S. Colourfess 

F. Re^-vioiet 

S. Colourless 

Little change 



F, Maroon 
<6. — 

F. Dirty maroon - 
S. ‘ 



Dark violet 

F. Little change 

s. • — 

F. Darker 

S. — 

Duller 


Brown-red 

F. Duller 

S. — 

F. Duller 

S. — 

No action 

... . 

Dark red 

F. JN"© action 

S. — 

F. Greyer 

S. — 

No action 

... 

Yellow, with green 
border 

F. Nearly decolor- 
ised 

S. — 

F, Slowly decolor- 
ised 

S. — 

Blue gum 


Yellow 

F. Much lighter 

S. Colourless 

F. Much lighter 

S. Colourless 

Blue 


Yellow, with darker 
border 

F. Lighter 

S. — 

F. Lighter 

S. — 

Dark green 


Yellow, with orange 
border 

F. Bluer 

S. — 

F. Bluer 

S. — 

Green 

F. Red-violet 

S. — 

F. Dark green 

S. Blue - 

F; Sky blue 

S. Blue *. 

F. Darker 

S. Blue 

* • 

F. Light lilac 

s. — i 

F. Pale lilac, then 
yellow - brown, 
finally yellow 

F. — 

S. Light blue 

... 

[ 


s. — 





Green-yellow, with 
red border 

F. Dirty violet 

S. Colourless 

F. Dark maroon 

S. Colourless 

Darker 


Green-yellow, wdth 
brown border 

F. Slight change 

S. — 

1 ' 
1 

! F, Reddish violet i 

s. ^ 

... 

... 

Red, with green 
border 

F. Grey 

S. — 1 

1 

F. Reddish brown 

S. — 

Greener 

F. Golden-yellow 

F. Orange 

t 



s. — 

S. — 




F. Yellow-ereen 
S. - 

F. Golden-yellow 

S. — 

F. Lighter and more 
greenish 

S. — 

F. Light green-blue 

• 

F. Greener 

S. ^ 
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Dyestuff. 

Concentrated Sulpliuric 
Acid. 

10 per cent. 
Sulpliuric Acid. 

Concentrated 
Hydrochloric Acid. 

Domingo blue R extra, 
wool (L) 

F. At first dark blue, tfien 
brick-red 

S. — 

r 

F. Dark blue, brick- 
red ; blue-green 
on dilution 

S. — 

Methylene blue 4B, wool ^ 

F. Olive-green 

S. Green 

F. Little change 

S. Pale blue 

F. Lighter 

S. Blue 

Toluidine blue, wool 

F. Dark olive-green 

S. Greenish 

F. No action 

S. Light blue 

F, Slight change 

S. Blue 

Nile blue, wool 

F. Red 

S. Brown 

F. Greener 

S. Light yellow 

F. Green-yellow 

S. Green-yellow 

Neutral blue, wool 

F. Orange 

S, Yellow 

Bright green 

F. Brfght orange 

S. Yellow 

Basle blue, wool 

F. Olive-green 

S. Yellow 


F. Redder ; blue on 
dilution 

S. Red-violet 

Indazine, w^ool 

F. Dirty dark green 

S. — 

F. Little change 

S. Slightly red-blue 

F. Darker 

S. Blue 

Metaphenylene blue B, wool 

F. Dirty grey 

S. — 

... 

F. — 

S. Blue 

Paraphenylene blue, wool 

F. Darker 

S. Blue 

... 

F. Darker 

S. Blue 

Indamine blue, wool 

F. Much darker 

S. Bright blue 

Darker 

F. Darker 

S. Bright blue 

Indoine blue, wool 

F. Dark olive-green ; blue- 
violet on dilution 

S. Olive-green 

r* 

F. Blue-green 

S. Deeper colour 

Lanacyl blue BB, wool 

Green 

Slight change 

Violet-red 

Wool violet S, wool 

Red 

Slight change 

Red 

Delphine blue B, wool 

Red-violet 

No change 

Red 

New patent blue, wool 

Green-yellow 

Slight change 

Colourless 

Cyanol extra, wool 

Green, then lighter ; 
finally yellow 

No change 

Green, then becomes 
yellow 

Alizarin saphirol B, wool 

Yellow-brown 

No change 

Brown-yellow 

Alizarin irisol R, wool 

Bark greenish blue 

... 

Sp. gr. 1’16. 
Rather darker 

Chromazone blue, wool 

Slight change 

Slight change 

Red 

Wool blue BB, wool 

Green 

Slight change 

Yellow 

Wool blue R, wool 

Green 

Slight change 

Y’'ellow 

• 

Wool blue G, extra 

r 

F. Reddish brown ; light 
green on dilution 

S. Reddish; slightly green- 
ish on dilution 

F. Unchanged 

S. — 

F. Reddish brown ; 
blue - green on 
dilution 

S. Reddish brown ; 
blue -green on 
dilution 


m 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr, 1-40. 

Ammonium Hydroxide, 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

{? 

Stannous OMoride and 
Hydrochloric Acid. 

F. Blue-green 

S. — 

F, Brick-red, moss- 
green 

S. -- 

F. Light %rey-blue 
S. ^ 

F. Mauve 

S. — 

F. Rather darker 

S. — 

... 

Green 

m 

F. Little change 

S. ^ 

F. Dull '%lue-vicfet 

S. - , 

... 

.... 

Olive-green 

m 

F. Dull crimson 

S. — 

Decolorised 

... 

Brown-yellow, with 
green border 

F. Dark violet , 

S. — 

F. Deep crimson 

S. — 

... 

... • 

Green, wnth yellow- 
orange border 

F, •La vender 

S. — 

F. Much lighter 

S. 

Green 


Blue-red 

F. No change 

S. Light blue 

F. Darker 

S. — 

Brighter 


Maroon, with green- 
ish border 

... 

F. Redder 

S. — 

€ 


Dull green 

... 

F. Duller 

S. — 

... 


Green-yellow 

F. Violet 

S. — 

F. Purple 

S. — 

Lighter 

... 

Dull green 


F. Purple 

S. — 

... 


Bright green-yellow 

... 

F, Violet after keep- 
ing 

S. Rose 

Greener 

No change 

Brown-yellow 

Slight change 

Red 

Slowly becomes paler 

Red 

Yellow 

Slight change 

More violet 

Slowly becomes paler 

No change 

Brown 

More violet 

More violet 

Rather paler 

Greener 

Green, at once be- 
coming yellow 

Slight change 

Slightly decolorised 

Slight change 

Green 

Yellow 

Darker blue 

Dirty green 

Dark green 

No change 

Green 

Slightly decolorised 

Slightly decolorised 

Slight change 


Sp. gr. 1*42 
Decolorised 

... 

5 per cent. 

F. Light blue 

S. Blu8 solution on 

Decolorised on 
warming 




warming 


Slightjchange 

Brown 

Slignt change 

More violet 

, Paler 

Slight change 

Brown-yellow 

Paler 

Paler 

Darker, with green 
tinge 

Slight change 

Brown-yellow 

• 

Slight change 

Slight change 

Darker, with green 
tinge 

F. Green ; blue 
on dilution 

S. — 

F, Olive ; light yel- 
low on dilution 
S. Olive 

F. Rather duller 
blue 

S. — 

i 

• 

F. Brown-violet 

S. — 

• 

F. Pale grey ' 

S. Reddish 

% ' 
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ORGANIC DYES 






Dyestuff. 

Concentrated Sulphuric 

10 per cent. 

Concentrated 

Acid. 

Sulphuric Acid. 

Hydrochloric Acid. 


F. Green 

F. Unchanged 

F. Brownish red 

Indocyanine B, wool 

S. Green ^ 

S. — 

S. Red 

Peri wool blue G, wool 

F. Brown-red 

S. Reddish 

F. Unchanged 

S. ^ — 

F. Red 

S. Red 

Erioglaucine, w^ool '' 

Slight change 

Slight change 

Yellow 

Eriocyanine, wool 

Slight change 

No change 

Yellow-green 

Lancyl navy blue, wool 

F, Dark green 

S. Dark green ^ 

No change 

F. More reddish 

S. Reddish 


F. Dark brown ; red on 



Acid alizarin dark blue SN 

dilution 

F, Unchanged 

F. Reddish brown 

(direct dyeing), w^ool 

S. Reddish violet ; red on 

S. -- 

S. Red 

dilution 




F, Dark brown-violet; light 



Acid alizarin dark blue SN, 

red-brown on dilution 

F. Unchanged 

S. — 

F, Brownish 

wool subsequently treated 

S. Light grey-violet ; light 

S. Light red 

with chromium fluoride 

reddish brown on dilu- 
tion 



Janus blue G, cotton, wool, 
silk 

Dirty yellowish green 

No change 

Dark green 

Janus blue R, cotton, wool, 
silk 

Dirty yellowish green 

No change 

Dark green 

Janus dark blue R, wool 

Yellow-green 

c 

Rather violet 

Greenish blue 

Janus dark blue B, wool 

Yellow-green 

Slightly violet 

Greenish blue 

' Nigrosine (alcohol-soluble), 

F. Dark slate-greenish 


F. Dark slate 

wool 

S. Dark grey 


S. — 

Diazine black, silk 

F. Dirty olive 

S. Olive ; dirty violet on 
dilution 

F. Rather darker 

S. — 

F. Black 

S. Red-violet; dirty 
grey-green on 
dilution 




F. Dark green; blue 

Diazine blue B, silk 

F. Olive 

S. Green 

F. Unchanged 

S. — 

on dilution 

S. Slightly greenish; 




blue on dilution 

Brilliant diazine blue B, silk 

F. Olive 

S. ^ 

F. Unchanged 

S. — 

F. Green 

S. Slightly greenish 

Brilliant diazine blue 2B, silk 

F. Olive 

S. — 

F. Unchanged 

S. •— 

F. Green 

S* ~ 

Silk grey 0, water-fast silk 

Yellow-green 

No change 

Greenish 

Silk grey R, silk 

Yellow-green 

No change 

Greenish 

Helvetia blue, silk • 

Red 

No change ^ 

Green-blue ^ 

Capri blue, silk 

Green 

Fades to red 

Red 

Patent blue, silk* 

— . — ^ — — 

Green, then yellow 

Green 

Yellow 
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10 per cent. 

Kitric Acid. 

Ammonium Hydroxide 

. 10 per cent. 

• 

Stannous Chloride and 

Hydrochloric Acid. 

Sp. gr. 1*40. 

Sp. gr. 0*91. 

Sodium Hydroxide. 

Hydrochloric Acid. 

F. Pale violet 

F. Brown 

F. Little change 

S. — 

F. Dark ba:%wn 

F. Little change 

S. — 

S. Dull red-brown 

S. — 

S. ~ 

F. Grey, then 

F^ Yellow-brown 


F. Dark grey-blue 

F. Unchanged 

S. — 

S. Reddish brown 


S. Violet 

S. — 

Slight change 

Red yellow 

Fades to blue 

Tinge in the^reen 

Greener 

Slight change 

Red yellow 

Brighter 

Slight change 

Slight change 

F. More reddish 
S, Colourless 

Dark yellow 

F. Blue 

S. Blue • 

F. Dark red-brown 
S. Reddish 

Decolorised 

F. Unchanged 

F. Dark brown 

S. Blue-violet ; red- 

F. Blue-black 

F. Blue-black 

F. Rather lighter red- 
broivn 

S. — 

S. — 

violet on dilu- 
tion 

S. Slightly reddish 

S. Slightly reddish 

F. Unchanged 

F. Brownish 

F. Bluer 

F. Blue-grey 

F. Little change 

S. — 

S, Brown-violet 

S. — 

S. Light brownish 

S. — 





Cotton ; colourless 

No change 

Blue-green 

No change 

No change 

Wool: colourless 

Silk : blue-grey, rather 





weakened 


Cotton : ‘ yellow - 



Cotton : colourless 

No change 

green 

Wool : yellowy-green 

No change 

No change 

Wool : colourless 

Silk : blue-grey, rather 


Silk : bluish green 



w^eakened 

No change 

Dark green 

No change 

No change 

Light red-brow^n 

No change 

Dark green i 

No change 

No change 

Light red-brown 



F. Brown 

F. Purple-brown 




S. Grey 

S. — 


F. Rather darker 
S. — 

F. Blue-black ; dark 
green on dilution 
S. Red- violet; grey- 

F. Unchanged 

S, — 

F. Unchanged 

F. Rather paler after 
a long time 

S. — 


green on dilution 



F. Unchanged 

F, Green 

S. Yellowish green 

F. Unchanged 

S. — 

F. Unchanged 

F. Gradually decolor- 
ised 

S. — 

F, Unchanged 

F. Green 

h\ Unchanged 

F. Unchanged 

F, Decolorised 

S. 

S. Slightly greenish 

S, — 

S. 

S. — 

F, Unchanged 

F. Green 

S. Green ; blue on 

F. Unchanged 

F. Duller blue 

F. Decolorised 

dilution 

S. — 

S. — 

No change 

Yellow-green 

Slight change 

• 

Rather redder 

Colourless 

No change 

Yellow- green 

Slight change 

Rather redder 

Colourless , 

No change 

,Blue 

Colourless 

Brown « 

Colour diminished I 

Fades to red 

Moss-green 

Slight change 

Lighter 

Slight change 

Green, then light 
yellow 

Yellow 

Slightly decolorised 

Slightly decolorised 

Slue-green 
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j r 

Concentrated Sulpliurio 

10 per cent. 

Concentrated 

Dyestuff. 

Acid. 

Sulphuric Acid. 

Hydrochloric Acid. 

Patent blue A, silk 

^ Green, then yellow ^ 

Slight change 

Green, then yellow 

Patent blue N, silk 

Green, then brown-yellow 

Green 

Green, then yellow 

Patent blue V, silk ^ 

ft 

Green, then brown-yellow 

Green 

Green, then yellow 

Setopaline, silk (G) 

F. Yellow-brown 

S. — 

F. Grass-green 

S. — 

F. Yellow and de- 
composed 

S. Yellow 

Indol-blue R on cotton 




mordanted with tannin- 

Dark green 

r No change 

Blue-green 

antimony 



Janus dark blue R, cotton 

Yellow-green 

No change 

Greenish blue 

Janus dark blue B, cotton 

Yellow'-green 

No change 

Greenish blue 

Nigrisine, cotton 

F. Green-olive 

S. Greenish 

Little change 

F. Brownish 

S. ~ 


F. Black ; colour restored 



Meldola’s blue, cotton 

on dilution 

S. Blackish ; blue on dilu- 
tion 

... 

F. Violet-grey 

S. Reddish 

Brilliant cresyl blue 2B, tan- 
nin-mordanted cotton (L) 

F. Dark olive 

S. — 

F. Grey-blue 

S. — 

F. Red-brown 

S. Reddish on dilu- 
tion 

Prune pure, cotton 

Blue 

^ Red 

Blue 

Muscarine J, cotton 

Green 

Slight change 

... 

Setoglaucine, cotton 

Brown-yellow 

Solution, greenish yellow 

Orange 

Setocyanine, cotton 

Brown-yellow 

Solution, greenish yellow 

Orange 

New methylene blue, cotton 

Moss-green 

Slight change 

Green 

Gallazine, cotton 

Greenish blue 

Slight change 

Slight change 

Coreine AB, cotton 

Bordeaux red 

Fades to red 

Red 

Phenocyanine, cotton 

Blue-green 

Slight change 

Paler 

Diamine black RO, cotton 

F. Deep blue 

S. Blue 

No change 

F. Redder 

S. Colourless 

Diamine black BO, cotton 

F. Deep blue 


F. Redder 

S. Blue 


S. Colourless 

Diamine black BO, developed 
on cotton with phenylene- 
diamine 

F. Deep blue 

s. L. 

No change 

F. No change 

S, 

Diamine blue black, developed 
with resorcinol on cotton 

F. Darker 

S. — 

No change 

F. No change 

S. -- 

Diamine jet black 00, cotton 

F. Deep blue 

S. Violet on dilution 

No change r 

F. No change 

S. Pale violet 

Oxydiamine blapk N, cotton 

F. Dull green-blue 

S. Dull violet on dilution 

No change 

F. No change 

S. — 
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10 per cent. 
HydrocMoric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 pel cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

Grass-green 

Green, at once be- 
coming 3 ellow 

Daj^ker 

Darker 

^Green, fadingtoyellow 

Green, then yellow 

Green, at once be- 
coming yellow 

Fades slightly 
fr> 

Fades slightly 

Green, fadingto yellow 

Green, then yellow 

Green, at once be- 
coming yellow 

Fades slightly 

Fades sligjjtly 

Bluish green 

F. Light yellow 

S. -- 

F. Yellow and de- 
composed 

S. — 

F. Somewti^^t bluer 
S. — 

Unchanged 

F. Rather greener 

S. — 

No change 

Yellow-green 

» Violet 

Fades to brownish 
yellow 

Fades to red 

No change 

Dark green 

F. Slight change 

S. Reddish 

Reddish 

Light brown 

No change 

Dark green 

F. Slight change 

S. Reddish 

Reddish 

Light ferown 

... 

At first brownish, 
then colourless 

F. Little action 

S. — 

F. Brownish 

S. Brownish 

Decolorised 

... 

F. Violet 

S. Violet 

F. Dark red-brown 

S. Slightlybrownish 

F. Dark red-brown 

S. Faint brownish 

Green at first, then 
slowly decolorised 

F. Brown 

S. — 

F. Green 

S. Green 

Ph Dark blue 

S. Reddish 

F. Brown-orange 

F. Decolorised 

s. — 

Red 

Grey-green ^ 

Fades to violet 

Fades to violet 

Pale yellow-green 

Slight change 

Violet-red ’ 

Fades slightly 

Grey 

Colourless 

Solution, green- 
ish yellow 

Brown-black 

1 

Lighter 

Slight change 

Orange ' ^ 

Solution, green- 
ish yellow 

Brown-red 

Dark green 

Brown-yellow 

Orange 

Slight change 

Dark green 

Violet 

Red 

Colourless 

No change 

Brown-yellow 

Slight change 

Dirty red- violet 

Paler 

F ades to red 

Yellow-brown 

Bluer' 

Bluer 

Paler 

Slight change 

Brown-yellow 

Slight change 

Slight change 

Brighter 

... 

Violet 

F. Little change 

S. — 

F. Red-violet 

S. Rose 

Decolorised 


Violet 

F. Little change 

S. — 

F. Redder 

S. Rose 

Decolorised 

... 

... 

F. No change 

S. — 

F. No change 

S. — 

Decolorised 

... 

... 

F. No change 

S. — 

F. No change 

S. — 

Decolorised 


Dark |frey to black 
solution 

F. Redder 

S. Blue-red 

F. Redder 

S. Blue-red 

Decolorised 

... 

Red-brown 

F. Redder 

S. Light brown 

F. Nearly decolor- 
ised 

S, Light red 

Decolorised i 
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Dyestuff. 

Concentrated Salphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Diazo brilliant black --B, de- 

Dark blue r 


F. Dark green 

veioped with jS-naphthol 

S. Blue 


S. — 

on cotton 



F. Bluer 

S. Colourless 

Violet black, cotton ^ 

F. Deep blue 

S. Flue 

rLittle change 

« 

Columbia black R, cotton 

^F. Deep red-blue 

S. Purple on dilution 

^ Little change 

F. Little change 

S. — 

Columbia black FF extra, 

Green-black 

No change 

Blue-black 

cotton 

r 



Columbia black EA extra, 
cotton 

F. Black 

S. Blue 

F. Rather darker 

s.' 

F. Rather darker 

S. Slightly reddish 

Columbia black WA extra, 

F. Black 

S. Blue ; on dilution dirty 

F. Rather darker 

S. — 

F. Black 

S. Reddish 

cotton 

red 


Benzo bla5c S extra, cotton 

F. Dark violet 

S. Violet 

Greener 

F, Dark violet 

S. Colourless 

Benzo grey S extra, cotton 

F. Dark violet 

S. Green-blue 

Green 

F. Bluer 

S. Colourless 

Benzo fast grey, cotton 

F, Greenish grey 

S. Dirty purple on dilution 

... 

F. Darker 

S. — 

Neutral grey G, cotton 

Black-green 

Violet 

Blue 

Chromanil black F, cotton ; 
grey-black 

Blue 

No change 

Solution brownish 
yellow 

Chromanil black BF, cotton ; 
grey-black 

Blue-black 

No change 

Solution yellow 

Chromanil black RF , cotton ; 

' grey-black 

Blue-black 

No change 

Solution greenish 
yellow 


No change 

F. Bluish 

Dianil black G, cotton 

Blue 

S. Reddish 

F. Bluish 

No change 

Dianil black R, cotton 

Blue 

S. Reddish 

Direct deep black E, cotton 

Bluish violet 

No change 

Fades to reddish 

Diazo black R, cotton 

Blue 

No change 

Fibre bluer 

Chromate black 4B (direct 

F. Black ; on dilution red- 

F. Dark brown 

F. Dark brown 

colour), cotton 

ui own 

S. Violet ; on dilution red 

S. ~ 

S. Red 

Chromate black 4B on cotton. 

F. Black 

F. Black 

F. Black 

subsequently treated with 
potassium bichromate 

S. Grey ; reddish on dilu- 
tion 

S* -- 

S. Slightly yellowish 


F, Blue-black ; on dilution 


F. Dark brown 

Chromate black 6B (direct 

brown 

F. Dark brown 

colour), cotton 

S. Blue-violet ; on dilution 

S. — 

S. Reddish 


red 

0> 


Chromate black 6B on cotton, 
subsequently treated with 

F, Black 

F Black 

F. Black 

S. Pale yellow ; 

reddish on dilu- 

S. Slightly grey ; on dilu- 

J, • XJ4.Mv.n. 

s, — 

potassium bfchromate 

tion reddish 


tion 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

S*! 

Stannous Chloride and 
Hydrochloric Acid. 


Purple 

F. No change 

S. — 

F. No change 

S. — 

Yellow 


Red-orange 

F. Little change 

S. Violet 

F. Little change 

S. Rose'^ — ^ 

Decolorised 


Dark brown 

F. Little action 

s. 

F. — ^ 

S. Pale red 

Nearly decolorised 

No change 

Red 

Slight change 

Slight change 

Colourless 

F. Rather darker 

S. ~ ' 

F. Black 

S. Brown 

F. Black 

S. Slue 

F. Black 

S. — 

F. Reddish brown 

S. — 

F. Rather darker 

S. — 

F. Black 

S. Brow^n 

F. Black 

S. Blue 

F. Black 

S. Slightly grey-blue 

F. Light brown 

S, — 

... 

Yellow-red 

F. Red-violet 

S. Rose 

F. Red-violet 

S. Slightly red 

Decolofised 


Yellow-red 

F. Redder 

S. — 

F. Red-violet 

S. Colourless 

Decolorised 


Light brown 

F. — 

S. Purple 

F. — 

S. Light-brown 

Decolorised 

Violet 

Blue 

Slight change 

Slight change 

Colourless 

No change 

Solution greyish 
blue tinged with 
violet 

^Slight change 

Fades very slightly 

Yellowish 

No change 

Solution red-brown 

Fades slightly 

Fades very slightly 

Brownish yellow 

No change 

Solution red-brown . 

;»Fades very slightly 

Fades rather red- 
dish 

Yellowish green 

No change - 

F. Grey-black 

S. Red-brown j 

No change 

Slight change 

Colourless 

No change 

Grey-black 

No change 

Slight change 

Slightly brown-yellow 

i 

No change 

Brown-red 

... 

Slight change 

Remains unchanged 
for a long time 

No change 

Dirty red-brown 

Slight change 

Becomes rather 
violet 

Colourless 

F. Dark brown 

S. — 

F. Brown-yellow 

S. Brown-yellow 

F. Black 

S. Pale red-violet 

F. Black 

S. Red 

F. Unchanged 

S. — 

F. Black 

S. — 

F. Black 

S. Pale brown-yel- 
low 

F. Blue-black 

S. — 

F. Black 

S. — 

F. Black 

S. — 

F. Dark brown 

S. — 

F. Brown 

S. Yellow-brown 

• 

* 

F. Black 

S. Red-violet 

F. Dark brown 

S. Crimson 

m 

F. Unchanged 

S. — 

F. Black 

S. — 

F. Black-brow^n 

S. Brown 

F. Black 

S. -- 

F. Black 

S. — 

F. Black 

S. 
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ORGANIC DYES 


Byestufl'. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Chromate black T (direct 
colour), cotton 

r. Black ; brown on dUu- 
tion 

S. Red-violet ; on dilution 
red 

F. Dark brown 

S. — 

F. Dark brown 

S. Red 

Chromate black T, on cc^ton 
subsequently treated with^ 
potassium bichromate 

F.13lack 

S. Slightly grey ; on dilu- 
tion reddish 

F. Black 
_S. — 

F. Black 

S. Yellowish 

Pluto black G, cotton 

Brown-black - 

No change 

Violet 

Polyphenyl black B, cotton 

Blue ^ 

No change 

Blue 

Diphenyl blue-black, cotton 

Bluer 

No change 

More violet 

Vidal black, cotton 

Green-black 

No change 

Slight change 

Vidal black S, cotton 

Blue-black 

No change 

Slight change 

Sulphur black 4B extra, cotton 

(A) . 

F. Deep blue-black 

S. — 

F. Deep black 

S. — 

F. Deep black 

S. — 

Sulphur black A extra, cotton 
(A) 


... 

... 

Pyrrol black X cone., on 
cotton subsequently treated 
with potassium bichromate, 
alum, and acetic acid (L) 



F. Blue-black 

S. — 

Pyrrol black RO, on cotton 
subsequently treated with 
potassium bichromate, 

alum, and acetic acid (L) 



F. Blue-black 

S. 

Pyrrol blue-black, on cotton 
subsequently treated with 
potassium bichromate, 

alum, and acetic acid (L) 



F. Deep black 

S. — 

Immedial black V extra, 
cotton 

Blue-grey 

Almost no change 
(bluish) 

Slight change 
(brownish) 

Immedial black V extra, on 
cotton subsequently treated 
with potassium bichromate 
and copper sulphate 

Blue-grey 

Rather bluish 

No change 

Thiogen black M cone., cotton 


... 

... 

Thiophenol black T extra, 
cotton 

F. Bfeck 

S. Slightly grey 

F. Unchanged 

S, — 

F. Unchanged 

Thiophenol black 2B extra, 
cotton 

F. Black 

S. Dull blue 

F. Unchanged 

F. Unchanged 

Thioxin black (Oe.) 

... • 


•• 

Pyrogen black BD, cottoi^ 

F. Unchanged 

S. Slightly grey-blue 

F. Unchanged 

F. Unchanged 

S. — 

Pyrogen black Q, cotton 

F. Black 

S. Blue : dull grey-blue 
on dilution 

F. Black 

S. — 

F. Black 

S. 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

immonmin Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 

Sodium Hydroxide. 

j— — ' 

Stannous Olilcride and 
Hydrochloric Acid. 

F. Dark brown 

F. Yellow-brown 

# 

F. Dark brown 

F. Unchanged i 

S. Slightly brown- 

S. Reddish violet 

S. Red 

S. — 

b. — 

yellow 




F. Black 

F. Black 

F. Black 

9 -» 

F. Black 

F. Unchanged 

S. — 

S. — 

S. Yellowish 

S. -TT 

b. — 


No change 

Brow’n-red 

Bluet- 

Bluer 

Colourless 

No change 

Brown-red 

Bluer *■ 

Bluer 

Colourless 

No change 

No change 

No change 

Grey 

Fades grey 

Violet 

More violet 
Slight change 
Slight change 

More violet 
Fades to blue-green 
Fades to blue-green 

Colourless 

Dirty yellow-brown 
Dirty yellow-brown 

F. Deep black 

S. — 

F. Deep black 

S. Slightly yellow- 

F. Deep black 

S. — 

F, Deep black 

S. — 

F. Yellow-brown 

S. — - 

green 



F. Browm-yellow’- 


... 

... 

•• • 

S. — 

... 

F. Brownish black 

S. — 

... 

... 

F. Olive 


F. Brownish black 

S. — 



F. Brown-yellow 

S. — 





F. Dark olive 


F. Brownish black 

S. — 


... 

S. — 

No change 

F. Brownish 

S. Bordeaux red 

No change 

No change 

Decolorised 

No change 

F. Brown 

S. Bordeaux red 

No change 

Faint blue 

Decolorised 




... 

F. Greenish brown 

S. — 

F. Unchanged 

S, — 

F. Unchanged 

S. — 

F. Unchanged 

S. — 

F. Unchanged 

S. — 

F. Yellowush brown 

S. -- 

F, Unchanged 

S. — 

F. Unchanged 

S. Slightly reddish 
grey 

F. Unchanged 

S. — 

F. Unchanged 

S. — 

F. Yellowdsh brown 

S. — 

F. Dirty green-brown 

* 




S. — 

F. Unchanged 

S. “ 

F. Unchanged 

S. Slightly reddish 

F. Unchanged 

S. — 

F. Unchanged ^ 

S. 

F. Yellow-brown 

S. — 

F. Black 

S. — 

F. Black 

S. Dull reddish 
brown 

F. Black 

S. — 

F. Black 

S. — 

% 

F. Light yellowish 
bi^wn 

S. — 
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ORGANIC DYES 


Dyestuff. 

Concentrated Sulpliuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Thionol black HN (Lev.) 

P. Little change 

S. Pale reddish blue 


No change 

Immedial brilliant black 6BG 
cone. (C) 

No change 


No change 

Pyrogen grey B, cotton 

F. Black 

S. Slightly grey-blue ' 

F. Black 

‘S. — 

F. Black-brown 

S. — 

Diphenyl black base I 

F. Unchanged 

S. Pale blue 

... 

Sp. gr. 1-16 
Unchanged 

Diamineral black B, cotton 

Blue-violet 

♦ Bluish 

. Blue 

Diamineral black B, on cotton 
subsequently treated with 
potassium bichromate and 
copper sulphate 

Blue- violet 

Bluish 

Blue 

Zambesi black, cotton 

Dark green 

Brownish 

Brown 

Zambesi black, developed on 
cotton with nerogen 

Blue- violet 

No change 

Bluish 

Zambesi black D, cotton ; 
grey-blue 

Fibre and solution green 
with blue tinge 

Fibre reddish violet 

F. Dirty brown-yel- 
low 

S. Bluish 

Zambesi black F, cotton ; 
grey-blue 

Blue-black 

Slight change 

F. Slight change 

S. Slightly bluish 

Zambesi black BR, cotton ; 
grey-blue 

Green, ^^ith bluish tinge 

No change 

Slight change 

Zambesi black V (direct 
' colour), cotton 

F. Black 

S. Dull blue ; pale blue on 
dilution 

F. Unchanged 

S. — 

F. Blue-black 

S. Slightly reddish 
blue 

Zambesi black V, developed 
on cotton with 772 -phenyl- 
enediamine 

F. Black 

S. Olive ; neutral tone on 
dilution 

F. Unchanged 

S. Slightly reddish 

F. Black 

S. Slightly reddish 

Zambesi black 2G (direct 
colour), cotton 

F. Black 

S. Neutral tone ; blue on 
dilution 

F. Black 

S. — 

F. Blue-black 

S. Slightly grey 

Zambesi black 2G, developed 
on cotton with »z-phenyl- 
enediamine 

F. Black 

S. Greenish black 

F. Black 

S. Slightly reddish 

F. Black 

S. Slightly brown 

Calcutta black SB (R) 

F. Little change 

S. Blue-black 


F. Little change 

S, Colourless 

Calcutta black 3G (R) 

F. Deep blue 

S. Deep blue 


No change 

Oxydiamine black A, cotton 

Blue 

No change 

No change 

Cuba black R (Petersen), 
cotton 

Blue 

No change ^ 

Rather blue 

Indanthren, colSon 

F. Dirty brown-green 

S. Slightly brownish 

F. Unchanged 

F. Unchanged 

s. — 
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10 per cent. 

! Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

n 

Stannous Chloride and 
Hydrochloric Acid. 


F. Little change 

S. Pale dull purple 


No change 

Deep olive 


No change 

• 

No change* 

Dull bluish green 

1 F. Black 

S. — 

F. Black-brown 

S. Slightly reddish 
violet 

F. Black 

S. ^ 

F. Black ^ 

S. — 

F. Slightly yellowish 
brown 

S. — 


Sp. gr. 1 *42 
Unchanged 


Unchanged * 

Unchanged 

Slightly blue 

Light red-brown 

Slightly pale blue 

Slightly brownish 

At first lilac, then 
decolorised 

Slightly bluish 

Red-brown 

Pale blue 

Slightly blue 

Decolorised 

Brownish 

Magenta 

Faint violet 

Slightly blue 

Decolorised 

No change 

Dark red-brown 

No change 

No change 

Decolorised 

Reddish violet 

Blue-violet 

Fades to slightly 
grey-blue 

Fades to grey-blue 

Colourless 

Slight change 

Blue -green; after 
some time red- 
brown 

Fades to bluish 

Slight change 

Colourless 

Slight change 

Violet, with reddisj^ 
tinge 

Fades to blue 

Fades to bluish 

Slightly bluish green 

F. Unchanged 

S. ~ 

• 

F. Black 

S. Neutral tone 

F. Black 

S. Strong green- 
blue 

F. Black 

S. Slightly greenish 
blue 

F. Becomes decolor- 
ised 

S. — 

F. Black 

S. Slightly reddish 

F. Black 

S. Brown 

F. Black 

S. Slightly blue 

F. Black 

S. — 

F. Becomes decolor- 
ised 

S. — 

F, Black 

S. — 

F, Black 

S. Dull dark green ; 
brown on dilu- 
tion 

F. Black 

S. Blue-green 

F. Black 

S. Slightly blue- 
green 

F. Slightly brown- 
yellow 

S. Slightly yellow 

F. Black 

S. Rather reddish 

F. Black 

S. Dirty brown 

F. Black 

S, Slightly greenish 
blue 

F. Black 

S. — 

F. Slightly brown- 
yellow 

S. Light yellow 

... 

F, Little change 
: S. Pale dull purple 


F. No change * 

S. Colourless 

Chocolate-brown 

... 

F. Dark reddish 
brown 

S. Reddish brown 


No change * 

No change 

No change 

Dark red 

F. Darker 

S. Slightly blue 

F. Darker 

S. Slightly blue 

Decolorised 

i No change 

R^d-brown 

Slightly violet 

Slightly violef 

Decolorised 

F. Unchanged 

S. — 

F. Yellow 

S. Slightly yellow- 
ish 

F. Unchanged 

S. — 

F. Pale blue-green 
S. 

• 

F. Unchanged 

S. 


With 6 per cent. NaOH. 
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ORGANIC DYES 


Dyestuff. 

Concentrated Sulpliuric 
Acid. 

10 per cent. 

Sulpliuric Acid. 

Concentrated 
Hydrocliloric Acid. 

Indanthren blue RC (B) 

F. Green r 

S. Green 


F. No change 

S. Colourless 

Tndanthren violet R (B) 

F. Little change 

S. Colourless 


F. No change 

S. Colourless 

Cyananthren B double (B) r 

F. Greenish blue 

S. Greenish blue 


No change 

Diazo blue, cotton 

Blue 

No change 

Greyish blue 

Glycine blue, cotton 

Blue - 

Rather bluer 

Violet 

Azo black blue, cotton 

Bluer 

Bluer 

Mpre violet 

Phenamine blue, cotton 

Green 

Slight change 

Rather paler 

Erie blue GG, cotton 

Greenish blue 

No change 

Greenish blue 

Titan Como B, cotton (R) 

F. Flesh-coloured 

S. — 


F. Greyish blue 

S. — 

Trisulphone blue B, cotton 

Greenish blue 

Slight change 

Darker 

Trisulphone blue R, cotton 

Greenish blue 

Slight change 

Darker 

Trisulphone violet B, cotton 

Dark blue 

Slight change 

More violet 

Oxamine blue RRR, cotton 

Dark greenish blue 

Slight change 

Darker 

Oxamine violet, cotton 

Dark blue 

Slight change 

Darker 

Rosanthren violet 5R (I) 

F. Blue 

S. Colourless 

... 

F. Bluish purple 

S. Colourless 

Violanthren BS (B) 

F. Little change 

S. Purple 

• 

No change 

Violanthren CD (B) 

F. Grey 

S. Colourless 

* 

j No change 

Ciba violet B (I) 

F. Bluish green 

S. Slightly blue 

... 

F. Decolorised 

S. Colourless 

Ciba violet R (I) 

F. Bluish green I 

S. Pale green 

... 

F. Bluish red 

S. Colourless 

Ciba Bordeaux B (I) I 

F. Brown 

S. Brown 


F. No change 

S. Colourless 

Ciba heliotrope B (I) 

F. Dark brown 

S. Dark brown 

... 

F. No change 

S. Colourless 

Zambesi indigo blue, cotton 

Bluish green 

No change 

F. Violet 

S. Slightly violet 

Zambesi indigo blue, devel- 
oped on cotton with /3- 
naphthol 

• 

Bluish green 

No change 

No change 

Diaminogen, with /3-naphthoi 
on cotton 

\^iolet-black 

No change 

Blue 

Diaminogen blue BB, cotton 

Bluish violet 

No change 

F. Rather bluer 

S. Slightly blue 

Diaminogen blue BB, ddvel- 
. oped on cotton with p- 
naphthol 

Reddish grey 

• 

No change 

F. Rather bluer 

S. Slightly wine-red 

Diamineral blue R, cotton 

a 

F. Bluish green 

S. Bluish green 

Rather bluer 

Rather bluer 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammoniam Hydroxide. 
8p. gr. 0*91. 

. 10 per cent. 

Sodium Hydroxide. 

^ 

Stannous OMoride and 
Hydrochloric Acid. 

... 

F. Green 

S. Colourless 

- • 

F. No change * 

S. Colourless 

No change 


F. No change 

S. Colourless 

m 

F. Redder* 

S. Colourless 

F. Red 

S. Colourless 

... 

No change 

... 

No change*!^* 

Black 

No change 

Brownish red 

Slight change 

Slight change 

Rapidly becomes rose 

Rather bluer 

Green 

Rather reddei* 

Rather redder 

Violet, slowly 
decolorised 

Slight change 

Dirty brownish red 

Slight change 

Violet-black 

Bluish violet 

Slight change 

Violet-red 

Slight change 

Paler 

Colourless 

No change 

Brownish yellow 

Violet-blue 

Violet-blue 

Decolorised 


F. Grey 

S. — 

F. Decolorised 

S. — 

F. Heliotrope 

S. — 

* 

No change 

Reddish 

Violet 

Violet 

Violet 

No change 

Reddish 

Slight change 

Violet 

Violet 

No change 

Reddish brown 

Violet 

Violet 

Pale viplet 

No change 

Red 

Violet 

Violet 

Pale violet 

No change 

Dirty violet 

Redder 

Redder 

1 Pale violet 

... 

F. Purple 

S. Colourless 


F. Redder *** 

S. Colourless 

Little change 

... 

F. Reddish grey 

S. Colourless 

i 

No change* 

Reddish brown 

... 

F. Paler 

S. Colourless 

... 

No change* 

Redder 

... 

F. Redder 

S. Colourless 

... 

F. Bluer* 

S. Colourless 

F. Decolorised 

S. Colourless 


F. No change 

S. Colourless 

... 

F. No change * 

S. Colourless 

F. Dirty green 

S. Colourless 

... 

F. No change 

S. Colourless 


F. No change * 

S. Colourless 

F. Decolorised 

S. Colourless 


F, Darker 

S. Colourless 

... 

F. No change * 

S. Colourless 

Decolorised 

No change 

Cannine-red 

F. Slight change 

S. Violet 

Fades to reddish 

Decolorised 

No change 

Light reddish 
brown 

No change 

n 

No change 

Decolorised 

No change 

Red 

More violet 

Bluer 

Colourless 

No change 

Faint brownish red 

F. Slight change 

S. Slightly blue 

F. Violet 

S. Slightly violet 

Decolorised 

No change 

Light brown 

F. Darker 

S. Slightly reddish 

F. Rather bluer * 
S. Reddish violet 

Decolorised 

Rather bluer 

Light reddish 
brown 

F. Slightly violet 

S. Slightly violet 

F. Slightly violet 

S. Slightly violet 

1 — 

"'Lilac 

_ . _ 


3 Y 


II 


* With 6 per cent. NaOH. 
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ORGANIC DYES 


Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Diamineral blue R, subse- 
quently treated with 
potassium bichromate, 

cotton 

• 

F. Blue 

S. Blue 

No change 

Slightly violet 

Naphthamine deep blue 
cotton (K) 

F. Sky blue 

S. - 

F. Violet-blue 

S. -- 

F. Violet-blue 

S. — 

Naphthamine indigo RE, 
cotton (K) 

F. Sky blue 

S. — # 

F. Bluish violet 

S. — 

F. Bluish violet 

S. , — 

Benzo indigo blue, cotton, 

(By.) 

F. Bluish green 

S. — 

Unchanged 

F. R'ather paler 

S. — 

Triazol blue R (direct 
colour), cotton (0) 

F. Bluish green 

S. — 


... 

Benzo black blue G, cotton 

F. Green 

S. Faint blue 

No change 

F. Greener 

S. Colourless 

Benzo black blue R, cotton 

F. Greenish blue 

S. Blue 

Little change 

F. Little change 

S. — 

Azo violet, cotton 

F, Greenish blue 

S. Blue 

Blue 

F. Blue 

S. Colourless 

Azo mauve, cotton 

F. Greenish blue 

S. — 

Paler 

F. Blue 

S. — 

Congo Corinth G, cotton 

F. Deep blue 

S. Blue 

Blue 

F. Blue 

S. Colourless 

Congo Corinth B, cotton 

F. Deep blue 

S. Blue 

Violet 

F. Reddish blue 

S. Colourless 

Sulphur Corinth B, cotton (A) 

F. Black 

S. — 

F. Black 

S. — 

F, Black 

S. Bluish green 

Heliotrope 2B, cotton 

F. Violet 

S. Violet 

Little change 

F. Bluer 

S. Colourless 

Diamine violet N, cotton 

F. Greenish blue 

S. Greenish blue 

Rather bluer 

F. Bluer 

S. Colourless 

Trona violet B, cotton (By.) 

F. Dark flesh-coloured 

S. — 

Unchanged 

F. Bluish rose 

S. — 

Triazol violet R (direct 
colour), cotton (0) 

F. Deep blue 

S. Bluish rose on dilution ! 

... 

F. Deep blue 

S. — 

Azo blue, cotton 

F. Greenish blue 

S. Blue 

Little change 

F. Little change 

S. — 

Benzoazurin G, cotton ' 

F. Greenish blue 

S. Blue 

Redder 

F, Little change 

S. — 

Benzoazurin 3G, cotton ^ 

F. Greenish blue 

S. Blue 

Little change 

F. Darker 

S. Colourless 

Naphthogen blue 4R (direct 
colour), cotton (A) 

r 

F. Black ; on dilution 
bluish violet 

S. — 

F. Violet-blue 

S. - 

F. Bluish green; on 
■ dilution violet 

S, Yellowish ; rose 
on dilution 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

A.mmonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

No change 

Dark reddish brown 

• 

No change 

Slightly violet 

Decolorised 

F. Violet-blue 

S. — 

F, Slowly decolor- 
ised 

S. Brownish 

• 

No change 

/• ' -o 

F. Reddish b^j^e 

S. — 

F. Pale bluish violet 

S. Reddish 

F, Bluish violet 

S. — 

F. Slowly decolor- 
ised 

S. Reddish 

» 

No change ^ 

F. Greyish blue 

S. — 

F. Bluish violet 

S. ~ 

Unchanged 

F. Slowly decolor- 
ised 

S. Brownish 

F. father darker 

S. Faint blue 

F. Dark greyish blue 
S. — 

F. Paler 

S. 

... 

F. Greenish grey 

S. 

... 

F. Rather darker 

S. — 

F. Rather paler 

S. — ^ 


Brownish red 

F. No change 

S. — 

F. Rather darker 

S. Colourless 

Decolorised 

... 

Light brown 

F. Violet 

S. Faint rose 

F. Reddish violet 

S. Colourless 

Decolorised 


Red 

F. Crimson 

S. — 

F. Crimson 

S. Colourless 

Decolorised 

... 

... 

F. Rather redder 

S. — 

F. Redder 

S. — 

Decolorised 

... 

Brown ^ 

F. Brighter 

S. Rose 

F. Redder 

S. Colourless 

Decolorised 

... 

Brown 

F. Much redder 

S. Rose 

F. Much redder 

S. Colourless 

Decolorised 

F. Black 

S. — 

F. Dark brown 
; S. Bluish green 

F. Dark violet 

i s. ~ 

F. Blackish violet 

S. — 

F. Pale olive 

S. ~ 


Reddish orange 

^ F. Little change 

S. — 

F. Crimson 

S. Colourless 

Decolorised 


Brown 

F. Redder 

S. ~ 

; F. Redder 

S. Colourless 

Decolorised 

Unchanged 

F. Rose ; decolor- 
ised on dilution 
S. Rose on dilution 

F, Lilac 

S. Lilac 

F, Bluish rose 

S. — 

F. Decolorised 

S. — 

... 

F. Dirty red 

S. — 

F. Rather more 

tinged with red 
S. — 

F. Rather darker 

s. ■ — 

F. Blue 

S. — 

... 

Orange 

F. Reddish violet 

S. Rose 

F. Magenta red 

S. Rose 

Decolorised 

... 

Light brown 

F. Reddish '^iolet 

S. Rose 

F. Crimson 

S. Slightly rose 

Decolorised 


Orange 

F. Violet 

S. Rose 

F. Reddish violet 

S. Rose 

Decolorised 

F. Reddish blue 
S. — 

F. Reddish brown ; 
reddish violet on 
dilution 

S. — 

F. Dark violet-blue 
S. Lilac 

F. Reddish violet 
S. — 

• 

F. Bluish green 

S. ' — 
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ORGANIC DYES 


c — 

Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphiiric Acid. 

Concentrated 
Hydrochloric Acid. 

Naphthogen blue 4R, de- 
veloped on cotton with /3- 
naphthol (A) 

F. Black ; on dilutfion 
bluish violet 

S. — 

F, Violet-blue 

S. — 

F. Dark blue ; on 
dilution violet 

S. — 

Brilliant azurin 5G, cotton 

• 

Sulphone azurine, cotton 

F. •Bluish green 

S. Pale green 

F. Violet 

S. Violet * 

Little change 

Little change 

F. Little change 

S . *— 3 a 

F. Dirty violet 

S. — 

Diamine deep black SS, cotton 

Diamine blue 3 R, cotton 

Blue-blaok 

F. Greenish blue 

S. Blue 

Slight change 

^ Little change . 

Bluish violet 

F. Darker 

S. Colourless 

Diamine blue or Benzo blue, 
BX, 2B, 3B, cotton 

F. Greenish blue 

S. Blue 

Redder 

F. Violet 

S. Colourless 

Diamine^lue 6G, cotton 

F, Dirty olive-grey 

S. — 

Little change 

F, Little change 

S. — 

Chlorazol brilliant blue lOB 

(R) 

F. Pale dull green 

S. Dull green 

... 

No change 

Chlorazol brilliant blue 12B 

(R) 

F. Dull greenish black 

S. Pale grey 

... 

F. Redder 

S. Colourless 

Chlorazol brilliant blue R (R) 

F. Darker and greener 

S, Deep azure blue 

... 

F. Little change 

S. Colourless 

Chicago blue B, cotton 

F. Greenish blue 

S. Greenish blue ; violet 
on dilution 

{Jo change 

F. No change 

S. - 

Melantherin JH, cotton 

F. Blue-black ; on dilution 
violet 

S. Blue ; reddish violet on 
dilution 

r 

F. Rather darker 

S. — 

F. Little change 

S. — 

Melanogen blue B, cotton 

F. Blackish 

S. Faint grey 

F. Blackish 

S. — 

F. Blackish 

S. Yellowish 

Sulphur blue L extra, cotton * 

F. Blackish blue 

S. Blue ; reddish on dilu- 
tion 

F. Black 

S. — 

F. Brownish 

S. — 

Immedial sky blue, cotton 

F. Dark blue 

S. Blue 

F. Unchanged 

F. Paler blue 

S. Blue 

p 3 n‘ogen blue R, cotton 

n 

F. Black 

S. -- 

F. Black 

S. — 

F. Dark reddish 
brown 

S. — 

Pyrogen direct blue reddish, 
cotton 

F, Bluish black 

S. Blue ; reddish vioJet on 
dilution 

F. Black 

S. - 

F. Bluish black 

S. — 

Sulphur indigo B, and suj^se- 
quent treatment with 

potassium bichromate and 
copper sulphate and 

with acetk acid, on 
cotton (A) 

r 

F. Black 

S. ^ 

F. Violet-black 

S. 

F, Gre 3 rish black ; 
colour restored 
on dilution 

S, -- 


* See also “ Note on the Diagnosis of Sky-blue Sulphur Dyes,” A. Liittringhaus, Z, Fart. Ind., 1905, 4, 899. 




BLACK, VIOLET, AND BLUE DYES 


XUt i7 


10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

. 

Ammonium Hydroxide. 
Sp. gr. 0'91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

F. Dark violet 

S. — 

F. Reddish brown ; 
on dilution red- 
dish violet 

S. — 

F, Dark violet-blue 
S. — 

F. Violet 

S. — 

F. Dark bluish grey 

S. — 

... 

Crimson 

*F. Reddish violet 

S. Colourless 

F. Reddish violeb-'^ 
S. Colourles^ 

Decolorised 

... 

Yellow 

F. change 

S. — • 

F. No change 

S. ~ “ 

Decolorised 

Slight change 

Brownish red 

Darker ^ 

Violet 

Colourless 


Orange-yellow 

F. Reddish violet 
S/Rose 

F, Magenta red 

S. Rose 

Decolorised 

... 

Light brown 

F. Violet 

S. Colourless 

F. Reddish violet 

S. Colourless 

Decolorised 


Yellow 

F. Little change 

S. — 

F. Redder 

S. Colourless 

Pale v^let 


F. Paler and duller 
S. Colourless 


F. Paler and red- 
der * 

S. Colourless 

No change 

... 

F. Darker and duller 
S. Pale blue 


F. Dull reddish 
blue* 

S. Colourless 

No change 


F. Dull slate-blue 

S. Pale dull blue 


F. Purple * 

S. Colourless 

No change 


Light red 

F. No action 

S. — 

F. Little action 

S. — 

Decolorised 

F. Rather darker 
S. — 

F. Dark grey 

S. Dull grey 

F. Rather darker 

S. Slightly bluish 

F. Darker 

S. Slightly reddish 
violet 

F. Little change 

S. — 

F, Blackish 

S. — 

F. Brown 

S. Light brownish 
red 

F. Bluish black 

S. — 

F. Bluish black 

S. — 

F. Light brown 

S. Slightly yellowish 
brown 

F. Unchanged 

S. — 

F. Black 

1 S. Faint brownish 
red 

F. Blue-black , 

S — 

F. Black ^ 

S. — 

F. Light yellow 

S. — 

F. Unchanged 

S, ~ 

F. Reddish violet 

S. Reddish 

F. Blue 

S, Slightly greenish 
blue 

F. Rather darker 
blue 

S. Slightly blue 

F. Instantly decolor- 
ised 

S. — 

F, Black 

F. Black 

F. Black 

F. BlaCK 

F. Light yellowish 

5^ 

S. — 

S, — 

S. — 

S. — 

F. Black 

S. — 

F. Black ; grey- 
i green on dilu- 

tion 

S. Reddish brown 

F. Black 

S. — ■ 

F. Blue-black 

S. ~ 

F. Light yellowish 

' 1 

F. Black 

S. — 

F. Black 

S. Violet on dilu- 
tion 

F. Darker 

S. — 

• 



F. Dirty light yellow 

S. Brownish 


* With 6 per cent. NaOH. 




1080 


ORGANIC DYES 


p 

Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Immedial direct bl;ie OD, 
cotton (c) 

F. Blackish blue 

S. Blue 

F. Brownish black 

S. — 

F. Violet- black 

S. Blue-green 

Thionol blue 2B (Lev.) 

F. No change 

S. Colourless 

c 

F. No change 

S. Colourless 

Immedial new blue G (c) «r 

F. Dark violet-blue 

S. Colourless ^ 

... 

F. Bluish violet 

S. Colourless 

Immedial direct blue 4B (c) 

F. Violet 

S. Colourless ^ 

... 

F. Violet 

S. Colourless 

Immedial indone BN (c) 

F. No change 

S. — 


F. No change 

S. 

Yellow and Orange Dyes 

Fustic, on chromed wool 
> 

F. Dark yellow, becoming 
reddish brown 

S. Yellow 

Little change 

Brighter 

Quercitron, on chromed wool 

F. Greenish yellow ; be- 
coming brown 

S. Yellow 

Little change 

F. Little change 

S. Yellow 

Weld, on tin-mordanted wool 

F. Darker 

S. Yellow 

... 

F. Paler and brighte 
S. Yellow 

Persian berries, on tin-mor- 
danted wool 

F. Brown 

S. Yellow 

Little change 

F. Very slight 
change 

S. Yellow 

Younar fustic, on chromed 
wool 

F. Orange ; yellow on 
keeping 

S, Yellow 


F. Darker 

S. Yellow 

Turmeric, wool 

Reddish brown 

... 

F. Terra-cotta, be- 
coming brown 

S. Light red 

Gallofiavin, on chromed wool 

Discoloured 

Little change 

F. Greener 

S. Yellow 

Alizarin yellow A, on 
chromed wool 

F. Dull dark yellow 

S. Faint yellow 

— 

F. Little change 

S. 

Milling yellow, on chromed 
wool 

^ F. Bright reddish orange 

S. Reddish orange ; light 
yellow on dilution 

No change 

F. Crimson 

S. Reddish orange 

Anthracene yellow, on 

chromed wool 

F. Dull dark maroon 

S. Dirty brownish maroon 

Much darker (brown) 

F. Very dark purple 
S. — 

Flavazol, on chromed wool 

F. Bright scarlet 

S. Orange 

Scarlet 

F. Crimson 

S. Yellow 

Diamond yellow G, on 
chromed wool 

F. Dark orange-red 

Light reddish brown 

F. Dark orange-red 
S. Light yellow 

Patent fustin, on chromed 
wool 

F. Brownish red 

S. Red 

Darker 

F. Brownish red* 

I S. Pale yellow 

Alizarin orange, on chroified 
wool 

F. Darker 

S. Light brown 

F. Little change 

S. Rather darker 

F. Lighter 

S. Yellow 

Cloth orange,^ on chromed i 
wool 

’ — f — 

F. Dark violet 

S. Deep violet 

Darker 

F- Dark violet 

S. — 



fe c /1 


10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide, 
Sp, gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

F. Violet-black 

S. — 

F. Black 

S. — 


... 

F. Dirty light green 

S. ~ 

... 

F, Dark blue 

S. Light red 

... 

F. No change * 

S, Colourless 

F. Brown 

S. Colourless 

... 

F. Dull bluish 
purple 

S. Colourless 

* 

% 

No chan^* 

Dull lemon-yellow 


F. Violet 

S. Violet 

% 

F. No change * 

S. Colourless 

Decolorised 


F, Redder 

S. — 

• 

* 

No change * 

Decolorised 

... 

Dark brown 

Darker 

F. Rather darker 

S. Pale yellow 

Brighter 

... 

Yellow 

F. Brown 

S. Yellow 

F. Rather daxker 

S. Yellow 

Little change 

... 

Light brown 

Brow'n 

F. Orange 

S. Yellow 

Redder 

... 

Yellow 

Browner 

F. Browner 

S, Yellow 

Brighter 


Brownish yellow 

F. Orange 

S. Yellow 

F. Reddish brown 

S. Yellow 

Yellower 

•- 

Yellow 

F. Scarlet 

S. Orange 

F. Scarlet 

S. Orange 

Reddish brown 

... 

Dull yellow 

F. Little change 

S. Colourless 

F. Rather darker 

S. Yellow 

Paler 

... 

Greenish yellow 

F. Darker 

S. — 

F. Darker 

S. — 

... 


Orange 

F. Redder 

S, r- 

F. Browner 

S. Bright yellow 

Decolorised 

... 

Orange-yellow, with 
dark purple bor- 
der 

F. Rather darker 

S. — 

F. Darker 

S. — 

#' 

... 

... 

Bright scarlet 

No change 

No change 

Scarlet 

... 

Bright orange-red 

F. Rather darker 

S. — 

F. Rather darker 

S. — 

Light reddish brown 

... 

Dull red 

F. Dark broWn 

S. Light brown 

F. Dark brown 

S. Light brown 

Terra-cotta 

... 

Dirty yellow 

F. Redder 

S. — 

F. Redder • 

S. — 

Little action 

... 

Dirty red, with dark 
violet border 

F, Rather darker 

S. Pale rose 

F. Darker 

S. — 



With 5 per cent. NaOH. 
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ORGANIC DYES 


r 

Dyestuff. 

Concentrated Sulpliuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

• 

Metachrome yellow D, 

chromed wool (A) 

F. Dark brown ; li|[ht 
brown on dilution 

S. Reddish 

F. Rather darker 

S. — 

r 

F. Dark brown ; 
greenish yellow- 
brown on dilu- 
tion 

S. — 

Metachrome yellow RD,« 
chromed wool (A) 

% 

F. Dark brown ; light 
brown on dilution « 

S. Reddish violet , 

F. Yellowish browm 

S. — 

F. Dark brown ; 
yellowish green 
on dilution 

S. — 

Metachrome yellow 2RD, 
chromed wool (A) 

F. Dark brown*; light 
brown on dilution 

S. Reddish violet 

F. Yellowish brown 

S. — 

F. Dark brown ; 
brownish yellow 
on 4ilution 

S. — 

Mordant yellow, wool 

Red 

No change 

Reddish brown 

Milling yellow R, on wool 
subsi|guently treated with 
potassium bichromate (L) 

F. Orange-red 

S. — 

... 

F. Cherry-red 

Janus yellow R, cotton, wool, 
silk 

Cherry-red 

No change 

Red 

Picric acid, wool 

F. Discoloured ; colour 
restored on dilution 

S. Yellow on dilution 

F. Little change 

S, Light yellow 

F. Decolorised 

S. — 

Naphthol yellow, wool 

F. Decolorised 

S. — 

Lighter 

F. Decolorised 

S. -- 

Naphthol yellow S, wool 

F. Browner 

S. Colourless 

Lighter 

F. Decolorised 

S. — 

Aurantia, wool 

F. Decolorised 

S. — 

Lighter 

F. Decolorised 

S. — 

Fast yellow G, wool 

F. Bright terra-cotta 

S. Yellow 

F. Orange ; bright scar- 
let on keeping 

S. Rose 

F. Scarlet 

S. Red 

Azofiavine, wool 

F. Reddish violet 

S. — 

Darker 

F. Reddish violet 

S. Crimson 

Metanil yellow, wool 

F. Dark purple 

S. — 

Brownish red, becoming 
purple 

F. Bright purple 

S. Reddish purple 

Jaune solide N, wool 

F. Dirty green ; on dilu- 
tion violet 

S. V^iolet on dilution 

F. Maroon 

S. Violet 

F. Reddish violet 

S. Reddish violet 

Methyl orange, wool 

F. Crimson 

S. 

Crimson 

F. Crimson 

S. Rose 

Tropaeolin 00, wool 

F. Dark bluish violet 

S. Violet 

Dark maroon 

F. Dark reddish 
violet 

S. Deep reddish 
violet 

Orange II, wool 

F. Bright scarlet, becom- 
ing crimson 

S. Scarlet 

... 

F. Scarlet to crim- 
son 

S. Rose 

r 

Orange G, wool 

F. Crimson 

S. Red 

Little action 

F. Scarlet 

S. Rose 

Orange GT, wpoI 

F. Bright crimson 

S* Crimson 

... 

F. Bright red 

S. Rose 
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10 per cent. 
Hydrocliloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

F. Light reddish 
brown 

S. — 

F. Reddish brown 

S. — 

F. Dark red ; on 
dilution yellow 

S. — 

F. Dark brownish 
red ; yellow on 
dilution 

S. — 

• 

F. Unchanged 

S. — 

• 

F. Unchanged 

• 

F. Orange-red 

S. — 

F. Orange * 

F. Greenish brown 

S. — 

F. Greenish dark 
brown 

S. — 

F. Dark reddish 
brown 

s. ~ • 

F. Dark brownish 
red ; orange on 
dilution 

S. Reddish 

• 

F. Unchanged 

S.* — 

F. Yellow-red 

S. — 

F. Deep dark brown- 
ish green 

Redder 

Brownish red 

Slight change 

Orange 

Redder 

F. Orange-red 

S. — 

F. Cherry-red 

S. — 

... 

F. Golden yellow 

S. — 

F. Orange ^ 

S. 

No change 

Cherry-red 

Fades faintly 
yellow 

Red 

Cotton : colourless 
Wool : yellowish 

Silk : yellowish 


Straw yellow 

F. Orange 

S, Yellow 

F. Orange 

S. Yellow 

Lighter 

.M 


F. Paler 

S. Yellow 

F. Little change 

S. Yellow 

Decolorised 


Browner 

F. Brighter 

S. Yellow 

F. Little change 

S. Yellow 

Decolorised 

1 

m 

F. Orange 

S. —• 

F. Orange-red 


; 

Yellow, with bright 
. red border 

F. Little action 

S. Yellow 

F . Darker 

S. Yellow 

Decolorised 

... 

Red, with purple 
border 

F. Little action 

S. — 

F. Greener and 

S. — [darker 

Lighter 

... 

Red, with purple 
border 

F, Little action 

S. ^ 

F. Brighter 

S. — 

Brown, becomiiig 
purple 

... 

Yellow, with orange 
and maroon border 

F. Brighter 

S. ~~ 



... 

Yellow, with crim- 
son border 

F. No action 

S. — 

F. Little action 

S. — 

... 

... 

Red, with maroon 
border 

F, Brighter 

S. — 

F. Brighter 

S. 

Darker 


Yellow, with scarlet 
border 

i. <» 

F. Darker 

S. Pale orange 

F. Dull scarlet 

S. — 


... 

Yellow, with red 
border 

F. No action 

S. — 

F, Terra-cotta 

S. — 

Decolorised 

... 

... 

... 

F. Darker 

S. — 
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ORGANIC DYES 


/ 


r 

Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Orange R, wool •' 

F. Crimson 

S. Red ^ 


F. Scarlet 

S. Rose 

Crocei'n orange, wool 

F. Orange-yellow 

S. Red 

Brighter 

F. Red 

S. Red 

Tartrazine, wool 

F.fDarker 

S. Bright yellow 

No change 

F. Rather darker 

S. Yellow 

Flavazine S, w^ool (H) 

F. Rather darker 

S. — • 

Unchanged 

F. Darker 

S. Yellow 

Milling yellow 0, wool 

F. Dark crimson^ yellow 
on dilution 

S. Bluish red 

Rather darker 

F. Dull crimson 

S. Crimson 

Quinoline yellow, wool 

F. Dull red-yellow 

S. Pale yellow 

... 

F. Amber yellow 

S. Faint yellow 

Uranin^luorescein), wool 

F. Greenish yeilow 

S. Greenish yellow 

F. Lighter 

S. Yellow 

F. Brighter 

S. Yellow 

Phosphine, wool 

F. Dirty greenish yellow 

S. Light yellow 

Orange 

F. Brighter and 
lighter 

S. Yellow 

Chrysoidine R, wool 

F. Yellow-brown 

S. Yellow 

Orange 

F. Scarlet 

S. Rose 

Thioflavine S, w^ool 

F. Brown ; colourless on 
keeping 

S. — 

Lighter 

F. Decolorised 

S. — 

Resoflavin, wool 

F. Unchanged 

S. Dirty yeilo\v-green 

U nchanged 

Lighter 

Pyramine orange BG, wool 

Yellow-brown 

Brownish 

Brown 

Phenoflavine DFL, wool 

Brown-yellow 

No change 

Red 

Acridine yellow, wool 

Green-yellow 

Slight change 

Red 

Acridine orange, wool 

Green-yellow 

Redder 

Green-yellow 

Auramine G, tannin-mordan- 
ted wool (By.) 

F. Canary-yellow 

F. Orange 

F. Rather lighter 

S. Yellow 

Benzoflavine, cotton 

F. Much lighter 

S. — 

No action 

F. Orange 

S. — 

Auramine 0, cotton 

F. Olive-yellow 

S. Y^low on dilution 

Lighter 

F. Lighter 

S. — 

Auramine G, cotton 

F. Brown 

S. Yeilow on dilution 

Lighter 

F. Decolorised 

S. — 

Thioflavine T, cotton 

F. Light red 

S. Colourless '' 

Orange 

F. Lighter 

S. Yellow 

New phosphine G, cotton 

Browner 

No change 

Browner 

Flayophosphine GO, tannin- 
mordanted cotton (H) 

F. Light yellow 

S. Yellowish 

F. — 

S, Pale rose 

F. Yellow 

S. — 

Rheonine A, ccTcton 

Yellowish green 

No change 

Dirty brown-red 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
HydrocMoric Acid. 

**• 

Yellow, wdth red 
border 


F. Terra-cotta 

S. — 

... 


... 

F. Rather darker 

S. — 

F. Browner 

S. — 

Decolorised 

... 

Orange 

F. Brighter 

S. Light yellow 

F. Redds 

S. Bright yel^w 

Lighter, slowdy 
decolorised 

Unchanged 

F. Golden yellow 

S. — 

F. Sulphur yellow 

S. — • 

F. Rather lighter 

S, Yellow 

F. Golden yellow 

S. — 

... 

Red, with deep 
maroon border 

F. Brighter * 

S. — 

« 

... 

Decolorised 

... 


F. No change 

S. — 

F. Duller 

S. — 

Rather brighter 


Little change 

F, Redder 

S. Deep yellow, with 
intense green 
fluorescence 

F. Orange-yellow 

S, Yellow, with in- 
tense fluorescence 

Little change 

... 

Little change 

F. Little change 

S. — 

F. Yellow 

S. — 

Nearly decolorised 


Orange-red 

F. Yellower 

S. — 

F. Deeper 

S. — 

Orange 

... 

... 

F. Lighter 

S. — 

F. Much lighter ; 
colourless onkeep- 
ing 

s. — 

Brighter 

Unchanged 

Red-brOwn 

Unchanged 

Almost decolorised 

Pale yellow 

Yellow-brown 

Dark reddish brown 

Unchanged 

Redder 

Decolorised 

Redder 

Red 

Redder 

Redder 

Paler 

Slight change 

Brown 

Slight change 

Faint yellow 

Redder 

Red 

Yellow 

Greenish yellow 

Greenish yellow 

Fading yellowish 

F. Orange 

S. — 

F. Orange ; decol- 
orised on dilution 

S. — 

F. — 

S. Yellow 

F. Golden yellow 

F. Orange 

S. — 


... 

F. Lighter 

S. — 

F, Lighter 

S. — 

Decolorised 

... 

Brownish 

F. Lighter 

S. — 

F. Lighter 

S. 

Decolorised 

... 

Straw yellow 

F. Redder 

S. Light brown 

F. Nearly decolor- 
ised 

S. Light red 

Decolorised 

, ... 

Brown 

F. No action 

S. — ^ 

F. No action 

S. — 

Brown 

Redder 

Brown-red 

Slight change 

1 Darker 

Colourless 

F. — 

S. Pale rose 

F. Yellow 

S. Yellow 

F. Rather more 
tinged with yellow 

♦ 

F. Rather more 
tinged with yellow 
S. — 

F. Rather more tinged 
with yellow 

S, — 

Slight change 

Dirty yellow-green 

Slight change 

Lighter 

Paler 
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ORGANIC DYES 


Dyestuff. 

Concentrated Sulpburic 

Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Tannin orange R, cotton 

Red 

F. Redder 

S. Light yellow-red 

Red, with blue tinge 

: Tannin orange B, cotton 

Red-violet 

^ F ades orange 

Deep red 

! Alizarin yellow A, cotton ^ 

: Chrysamin G, cotton 

Dirty yellow-green 

F. Crimson • 

S. Red-violet « 

No change 

Paler 

F ainter 

F. Dull crimson 

S. Colourless 

Chrysamin R, cotton 

F. Red-violet 

S. — 

Lighter 

F. Blue-violet 

S.- — 

Cresotin yellow G, cotton 

F. Red-violet 

S. Violet 

Yellow 

F. Red-violet 

S. Colourless 

Diamine yellow N, cotton 

F. Red-violet 

S. Violet 

Lighter 

F. Red-violet 

S. — 

Carbazole yellow, cotton 

F. Dark green-bine 

S. Blue 

Olive-green 

F. Dull violet 

S. Colourless 

Brilliant yellow, cotton 

F. Red-violet 

S. Red 

Browner 

F. Red-violet 

S. — 

Pyramine orange, cotton 

Brown-yellow 

No change 

Redder 

Chrysophenin, cotton 

F. Red-violet 

S. \'iolet 

Little change 

F. Violet 

S. Colourless 

; Hessian yellow, cotton 

F. Crimson 

s. - 

Paler 

F. Grey 

S. — 

Curcumin S, cotton 

F. Red-brown 

S. — 

Ijighter 

F. Duller 

S. -- 

* Naplitbamine yellow 2G, 
cotton (K) 

F. Red ' 

S. Yellow on dilution 

Unchanged 

F. Dirty green-yel- 
low ; original 
colour on dilu- 
tion 

S. — 

Naphxhamine orange 2R, 
cotton (K) 

F. Blue 

S. — 

F. Red-brown 

S. — 

F. Dark blue-green- 
ish; original col- 
our on dilution 

S. Yellowish on 

dilution 

' Arnica yellow, cotton (G) 

F, Dark carmine-red 

S. Carmine 

F. Yellow-brown 

S. — 

F, Deep blue-violet ; 
colour restored 
on dilution 

S. — 

: Thiazole- or Clayton yellow, 
i cotton 

F. Brownish 

S. Colourless 

Orange 

F. Orange 

S. Colourless 

Stilbene yellow 2C (Cl. Co) 

F. Pale reddish brown 

S. Reddish ^ 

... 

No change^ 

Stilbene yellow 3G (Cl. Co) 

F. Pale reddish brown 

S. Brown 

... 

No change 

Stilbene yellow 40 (CLCo) 

F. Pale reddish brown 

S. Brown 

m 

F. No change 

S. Coloui'less 

' Stilbene yello?v 8G (CLCo) 

F. Pale orange-brown 

S. Colourless 

... 

F. No change 

S, Colourless 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

F. Redder 

S, Light yellow- 
red 

More yellowish 
orange 

9 

No change 

F. No change 

S. Slightly yellow- 
red 

Decolorised 

Slight change 

Red 

^ Browner 

Browner 

Slowly decolorised 

No change 

Yellowish 

Browner 

Browne^ 

Colourless 


Red-brown 

F. Oraiige 

S. — « 

F. Orange 

S. — 

Decolorised 



F. Orange ^ 

F. Rose 

S. — 

Decolorised 

• 

Violet 

F. Orange 

S. Colourless 

F. Red 

S. Rose 

Decolorised 


Violet 

F. Orange 

S. Colourless 

F. Red-orange 

S. Slightly rose 

Decolorised 


Crimson 

F. Rather redder 

S. Colourless 

F. Red-orange 

S. Rose 

Decolorised 


Dark purple 

F, Scarlet 

S. Rose 

F. Scarlet 

S. Rose 

Decolorised 

No change 

Blue 

Brighter 

Brighter 

Reddish, almost 
colourless 


Violet 

F. No change 

S. — 

F. No change 

S. — 

Decolorised 


Dull crimson 

F. Orange 


F. Scarlet 

S. — 

Decolorised 


♦ 

♦ 

F. Redder 

S. — 

F. Redder 

S. — 


Unchanged 

F. Dull greenish 
yellow ; original 
colour on dilu- 
tion 

S. — 

F. Dirty yellow ; 
original colour 
on dilution 

S. Yellowish 

F. Dirty yellow 

S. — 

F. Rather darker 1 

greenish yellow 

S. — 

F, Brown; colour 
restored on 
dilution 

S. -- 

F, Dark blue-grey ; 
colour restored 
on dilution 

S. — 

F. Rather lighter 

S. Reddish 

F. Red 

S. — 

F. Decolorised 

S. — 

F. Dark brown 

S. — 

F. Dark red-brown 
S. Brownish on 

dilution 

F. Orange 

S. Faint yellow 

F. Orange 

S- 

F. Yellow-brown 

S. — 

... 

Decolorised 

F. Orange 

S. Colourless 

F. Scarlet 

S. Colourless 

Decolorised 

. — 

No change 


No change* 

No change 

... 

No change 


No change* 

Slightly reduced 

... 

F, No ckange 

S. Colourless 


F. No change * 

S. Colourless 

Little change 

... . 

F. No change 

S. Colourless 

... 

F. No change* 

S. Colourless 

Little change 


* Witli 5 per cent. NaOH. 
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ORGANIC DYES 


/ 


Dyestuff. 

Concentrated Snlpliuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Primuline, cotton 

F. Duller r 

S. Light yellow 

Orange 

F. Orange 

S. Yellow 

Primuline, developed with re- 
sorcinol on cotton ^ 

F. Crimson 

S. Red 

r Redder 

F. Dark red 

S. Red 

Alkali yellow R, cotton ^ 

Red 

Orange 

Brown-red 

Oriol yellow, cotton 

Red 

Slight change 

Red 

Direct yellow R, cotton 

Red 

r 

No change 

Dirty yellow-brown 

Diamine gold yellow, cotton 

Violet 

^ No change 

Violet 

Diamine fast yello’v^A, cotton 

Red 

No change 

Brown-yellow 

Mimosa, cotton 

F. Dull dark yellow 

S. — 

Orange 

F. Orange 

S. -- 

Congo Grange R, cotton 

F. Deep blue 

S. Blue 

Brown 

F. Violet 

S. — 

Benzo orange R, cotton 

.F.Blue 

S. Blue 

Green-blue 

F. Blue 

S. Colourless 

Tolylene orange R, cotton 

F. Brown 

S. Brown 

Red 

F. Dark red 

S. — 

Mikado orange, cotton 

F. Blue 

S. — 

Yellower 

F. Pale olive 

S. — 

Dianil yellow R, cotton 

Brownish 

Orange 

Light yellow 

Pyrogen yellow M, cotton 

F. Rather darker 

S. Yellow 

F. Liglfter brown-yellow 
S. -IT 

F. Brownish yellow 
S. Pale yellowish 

* Sulphur yellow R extra, cot- 
ton (A) 

F. Lighter 

S. — 



Pyrrol bronze G, cotton (L) 

... 


F. Lighter 

S. — 

Pyrrol bronze GGG, cotton 

(L) 

... 


F, Lighter 

S. 

Pyrrol yellow G, cotton (L) 

F. Lighter 

S. — 

... 

... 

Thionol yellow G (Lev.) 

F. Duller 

S. Pale dull yellow 


F. Orange-yellow 

S, Colourless 

Algol orange R (By.) 

F. Nb change 

S. Colourless 


F, No change 

S. Colourless 

Indanthren orange RT (B) 

F. Little change 

S. Yellow 


F. Yellow 

S. Yellow 

Green Dyes 



. 

Alizarin green, on chromed 
wool ^ 

F, Deep blue 

S, Blue 

Rather bluer 

F. Redder 

S. Rose 

Diamond green, on chromed 
wool 

F. Bluer 

S. Green-blue 

Brighter 

F, Bluer 

S. Pale yellow 

Azo green, on^hromed wool 

F. Light brown 

S. Dirty yellow 

... 

F. Light brown 

S. Dirty yellow 
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ilO per cent. 
HydrocTiloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

... 

Yellow 

F. No actk)n 

S. — 

F. Orange 

S. — 

Yellow 

Orange 

Dark red 

Yellow-red 

F. Darker 

S. 

Brighter 

F. Dark crimson 

S. 

Red ^ 

Dark red 

Almost colourless 

Slight change 

Red 

Orange 

Red 

Almost colourless 

No change 

Dirty yellow-brown 

« 

Brighter 

Redder 

Yellowish, almost 
colourless 

No change 

Red-violet 

flight change 

Slight change 

Colourless 

No change 

Brown-yellow 

Redder 

Redder 

Paler 



F. Orange 

S. — 

F. Orange-red 

S. 



Crimson 

F. No action 

S. — 

F. No action 

S. — 

Crimson 

... 

Brown 

F. Scarlet 

S. Colourless 

F. Crimson 

S. Colourless 

Brown 

... 

... 

F. No action 

S. — 

F. Redder 

S. Colourless 

... 


Dirty olive 

F. No action 

S. — 

F. Little action 

S. ~ 

Dirty olive 

Orange 

Light yellow 

Cherry-red 

Cherry-red 

Decolorised 

F. Little change 
S. — 

F. Lighter yellow"* 
S. Yellow © 

F. Little changed 

S. — 

F. Little changed 

S. ~ 

1 

F. Initially darker 
brown - yellow ; 
slowly becomes 
lighter 

S. Pale yellow 

... 

Deeper 

... 


Yellow-orange 

1 

F. Deeper 

S. ~ 

F. Rather lighter 

S. 

F. Rather deeper 

S. — 

F. Deeper 

S. — 

... 

F, Golden yellow 

S. Golden yellow 

... 

No change * 

Redder 

.... 

F. No change 

S. Colourless 


F. No change* 

S. Colourless 

F. No change 

S. Colourless 


F. Yellow 

S. Yellow 

... 

F. No change * 

S. Colourless 

K. Light yellow 

S. Colourless 

... 

Brown, with purple 
border 

• 

F. Greener 

S. — 

• 

F. Greener 

S- - 

Grey 

••• 

Red, with green 
border 

F. No action 

S. ~ 

F. No action 

S. — 

Little change 

**• 

Yellow, with orange 
border 

F. Nearly decolorised 
S. — 

F. Much yellower 

S. — 

— % — 

Mudi yellow^er 


* Witli 6 per cent. NaOH. 
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ORGANIC DYES 



Dyestuff. 

Concentrated SulpliUTic 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Gambin on iron - n>ordanted 
wool 

F. Dull olive-green ^ 

S. Brown 

No action 

F. Olive 

S, Bright yellow 

Dioxin on iron-mordanted 
wool ^ 

F, Very dark green 

S. Green-black ; yellow on 
^ dilution 

^ Darker 

F. Dark red-brown 
S. Red-brown 

r 

Gallanil green 

Bordeaux red 

No change 

Violet-red 

Indalizarin groen, on wool 
mordanted with chromium 
fluoride (D) 

ii** 

F. Dull crimson, decolor- 
ised on dilution 

S. Light carmine, darker 
on dilution 

i 

F. Red-violet ; on 
dilution bluish 
green 

S. Carmine 

Janus green GG: cotton, wool, 
silk 

Moss-green 

Blue 

Green 

Janus green B : cotton, wool, 
silk 

Moss-green 

No change 

Green 

Wool green S, wool 

Yellow-green 

No change 

Brown-yellow 

Milling green 

Yellow 

No change 

Almost colourless 

Naphthol green, wool 

Dark blue-green, gradually 
destroyed 

No change 

i 

Slightly blue 

Chrome green, on wool mor- 
danted with chromium 
fluoride (By.) 

F. Yellow-green 

S. - 

Un^jianged 

F. Light brown- 
yellow 

S. - 

Chrome patent green A, wool 

Dark green, gradually 
destroyed • ^ • 

No change 

F. Slight change 

S. Slightly violet 

Domingo chrome green, on 
wool subsequently treated 
with potassium bichromate 

(L) 

F. Reddish brown 

S. — 


F. Reddish brown 

S. — 

Light green (yellowish), wool 

F. Orange 

S. Yellow 

Brighter 

F. Orange 

S. Slightly yellow 

Light green (bluish), wool 

F. Red-brown 

S. Dirty yellow 


F. Brown 

S. Light brown 

Guinea green, wool 

F. Y'9llow-brown 

S. 


F. Yellow-green 

S. — 

Guinea fast green B, wool (A) 

F . Grass-green, then green- 
ish yellow, finally yel- 
low 

F. Slowly becomes rather 
more tinged with yel- 
low 

F. Yellow 

S. ~ 


S. 

S. — 

Fast green (bluish), wool ^ 

F. Dirty yellow 


F. Amber-yellow 

S. — 

Cyanol green 6G, wool (C) 

c 

F. Moss-green, then dirty 
yellow 

S. — 


F. Dirty orange 
colour restore* 
on dilution 

S. Pale orange 
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10 per cent. 
Hydrocliloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide, 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

- g 

Stannous Oliloride and 
Hydrochloric Acid. 


Deep red, with yel- 
low-brown border 

F. No action 

s. — • 

F. No action 

S. — 

Little change 


... 

R Dark brown 
o. Brown 

F. Very dark red- 
dish brown 

S. Red ^ 

... 

No change 

Brown-yellow 

Sliglft change 

Slight change 

Brighter 


F. Light yellow- 
brown 

S. — 

F. Darker • 

S. — 

% 

F. Dark blue-green 
S. — 

F. Lighter 

S. — 

Blue 

Cotton: bluish green 
Wool: ^een, then 
light blue 

Silk : bluish green 

No change 

Rather darker 

Cotton : colourless 
Wool : blue 

Silk : pale reddj^h 

No change 

No change 

Cotton: bluish green 
Wool : bluish green 
Silk : yellowish 
green 

Brown-yellow 

Blue-green 

Bluer 

Blue 

Bluer 

Cotton : yellowish 
Wool : yellowish green 
Silk : pale rose 

Slight change 

No change 

Yellow 

Slight change 

Slight change 

Greener 

No change 

Dark red-brown 

Slightly bluish 

Pale blue, slowly 
destroyed 

Decolorised 

F. Light yellow- 
green 

S. - 

F. Yellow-brown ; 
sulphur - yellowr 
on dilution • 

S. — 

F. Decolorised 

S. — 

F. Decolorised 

S. — 

Unchanged 

No change 

Light red-brown 

Slightly blue 

Blue, slowly de- 
stroyed 

Decolorised 


F. Carmine 

S. — 

... 

F. Brown 

S. — 

... 

... 

Yellow, with bright 
orange border 

F. Decolorised 

S, — 

F, Decolorised 

S. — 

Brighter 

... 

Red-yellow 

F. Decolorised 

S. — 

F. Decolorised 

S. — 

... 

... 

Red-yellow 

F. Decolorised 

S. — 

F, Decolorised 

S. — 

... 

F. Slowly be- 
comes rather 
more tinged 
with yellow 

S. * — 

F. Yellow 

S. — 

F. Lighter 

S. — 

« 

F. Lighter 

S, — 

• 

F. Rather lighter 

S. — 

... 

Green-yellow 

• 

... 

F. Greener 

S. — 

Lighter and greener 

F. Fawn-brown 

S. — 

F. Yellow-red 

S. Yellowish 

F. Sky-blue 

S. — 

F. Sky-blue 

1 S. — 

F. Lighter 

S. — 

1 ^ 


3 z 


II 
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ORGANIC DYES 
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Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid, 

Malachite green, wool 

F. Yellow ; green on dilu- 
tion 

S. Yellow 

Darker 

F . Bright orange ; 

green on dilution 
S. Yellow 

Brilliant green, wool ^ 

F. Red ; green on dilu- 
tion 

S. Red 

Lighter 

F. Bright yellow ; 

green on dilution 
S. Yellow 

Azine green, wool 

F. Dirty brown 

S. — » 

... 

F. Violet 

S. — 

Naphthalene green, wool 

Dark yellow,^slowly 
destroyed 

Gradually becomes 
yellow 

Reddish yellow 

Alizarin cyanin ^reen E, 
wool 

Greenish blue-green 

No change 

Grey 

Alizarin dark green W, with 
potassium bichromate and 
tartar, wool 

F. Slight change 

S. Reddish 

No action 

F. Slight change 

S. Slightly reddish 

Italian green, cotton 

Darker 

No change 

Darker 

Pyrogen green B, cotton 

F. Black 

S. — 

F. Black 

S. — 

F. Black 

S. — 

Pyrogen olive N, cotton 

F. Rather darker 

S. Faint olive 

F. Little changed 

S. — 

F. Rather lighter 

S. — 

Sulphur green G extra, cot- 
ton (A) 

F. Black 

S. — 

F. Dark green 

S. — 

F, Dark grey-blue 

S. — 

Thionol green 2B (Lev.) 

F, Blue 

S. Blue 


F. Reddish blue 

S. Colourless 

Thionol green 3B (Lev.) 

F. Blue 

S. Blue 

... 

F. Reddish blue 

S. Colourless 

Thionol green 2G (Lev.) 

F. Deep blue 

S. Deep blue 


F. Dull blue 

S. Colourless 

Thionol green 3G (Lev.) 

F. Deep violet-blue 

S, Pale blue 


F. Reddish blue 

S. Colourless 

Thionol brilliant green GX 
(Lev.) 

F. Reddish blue 

S. Reddish blue 


F. Bluer 

S. Colourless 

Immedial green G extra (C) 

F. No change 

S. Colourless 


F. Darker 

S. Pale green 

Immedial olive GG (C) 

F. Darker 

S. ?ale brown 


F. Darker and yel- 
lower 

S. Colourless 

Benzo olive, cotton 

Blue-black 

No change 

Blue 

Diamine green B, cotton 

Blue-black 

No change 

Blue-black 

Eboli green B, cotton (L) 

F. Blue-violet 

S, Blue-violet 

F. Rather darker 

S. — 

F. Deep blue-violet ; 
blackish grdy on 
dilution 

S. — 

Algol green B (By.) 

F. Bright green 

S. Bright green 

r- 

F. Bright blue 

S. Colourless 

Algol dark green B (By.) 

F. No change 

S. Colourless 

... 

F. Olive 

S. Olive 
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I 10 per cent. 

Hydrochloric Acid. 

Nitric Acia. 

Sp. gr.'l*40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per c^nt. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

... 

Red 

F. DecoloTised 

S. — 

F, Decolorised 

S. . — 


... 

Yellow-red 

F. Decolorised 

S. — 

F. Decolorised 

S. — ^ 

^ Yellower 

... 

Brown 


# 

F. Darker 

S. — 

Brighter 

Gradually becomes 
yellow 

Light yellow 

Gradually decolor- 
ised 

Decolorised 

Orange 

No change 

Brownish yellow 

No change 

Slight change 

F^ Slowly lighter 

S. Pale yellow 

No action 

Brown 

Slightly blue 

Blue 

Yellow-brown 

No change 

Fades to brown-red ; 
fibre almost black 

... 

Yellowish green 

Brown-yellow 

F. Black 

S. — 

F, Black 

S. — 

F. Dark green 

S. — 

F. Dark green 

S. — 

F. Yellowish brown 

S. — 

F. Little changed 
S. — 

F. Lighter olive 

S. YeUowish 

F. Greener 

s. — 

F. Greener 

S. — 

F. Light yellowish 
brown 

F, Rather darker 
S. — 

F. Dark carmine 

S. — 

... 

... 

F. Light green, then 
dirty yellow 

S. — 

... 

F. Purple 

S. Purple 


F. Bluer * 

S. Colourless 

F. Pale olive 

S. Colourless 

... 

F. Purple 

S. Purple 


F. Reddish blue 

S. Colourless 

F. Pale olive 

S. Colourless * 

... 

F. Purple 

S. Purple 


F. Dull blue* 

S. Colourless 

F. Pale olive 

S. Colourless 

... 

F. Bluish purple 

S. Pale purple 


No change * 

Dull yellowish green 

... 

F. Purple 

S. Colourless 


No change * 

Olive-yellow 

... 

F. Dark magenta 

S. Light brown 

... 

F. Dark green * 

S. Pale violet 

F. Pale yellow 

S. Colourless 

... 

F. Yellowish brown 
S. Yellow 

... 

F. Greener and 
darker* 

S. Colourless 

Orange-brown 

No change 

Red-violet 

Darker 

Brown-black 

Colourless 

No change 

Red-violet 

Darker 

Green-black 

Colourless 

F. Deep dark 
green 

S. — 

F. Dark brown-red ; 
decolorised on 
dilution 

S. Red 

F, Darker 

S. Green 

F. Dark green 

S. Green 

F. Decolorised 

S. — 

... 

F. Decolorised 

S. Pale bluish green 

... 

No change * 

No change 

... 

F. Yellower 

S. Colourless 

1 

... 

F. No change* 

S. Colourless 
« — 

F. Mart:^on 

S. Colourless 


With 6 per cent. hTaOH. 
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Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Olivanthren (B) 

F. Darker and redder ^ 

S. Colourless 

... 

No change 

Viridanthren B (B) ^ 

F. Reddish blue 

S. Colourless 


F. Dull bluish 
purple 

S. (Colourless 

Red Dyes 

T 



(Brazil wood) logwood, on 
wool mordanted with 
alum 

F. Reddish hrowi?^ 

S. Brown 

Crimson on keeping 

r 

F. Red 

S. Rose 

(Brazil wood) lo^ood, on 
chromed wool 

F, Greenish brown 

S. Yellow 

Little change 

F. Dark crimson 

S. — 

Sander® wood, on chromed 
wool 

F. Browm 

S. Brown 

No change 

F. Browner 

S. — 

Barwood, on chromed w^ool 

F. Terra-cotta 

S. — 

No change 

F. Redder 

S. — 

Camwood, on chromed wool 

F. Dark crimson 

S. Red 

No change 

F. Dark crimson 

S. Colourless 

Madder, on wool mordanted 
with alum 

F. Brownish red 

S. Red 

No change 

F. Little change 

S. — 

Madder, on chromed wool 

F. Little or no change 

S. Red 

Orange 

F. Lighter 

S. Red 

Cochineal, on wool mordanted 
with alum 

F. Scarlet 

S. — 

yellower 

F. Scarlet 

S. — 

Cochineal, on wool mordanted 
with tin , 

F. Dark purple 

S. Crimson 

r- 

Darker 

F. Lighter 

S. Red 

r 

Archil 

F. Purple to brown ; almost 
colourless on dilution 

S. Purple ; red on dilution 

Brighter 

F. Lighter 

S. Red 

Alizarin, with alum mordant, 
on cotton (Turkey red) 

F. Little change 

S. Yellow'-red ; yellow on 
dilution 

No action ^ 

F. Orange to light 
yellow 

S. Light yellow 

Alizarin V, on chromed wool 

F. Dark crimson 

S. Dirty crimson 

Yellower 

F. Dark red-brown 
S. Faint yellow 

Alizarin G, on chromed wool 

F. Dark crimson 

S. Dull crimson 

Yellower 

F. Dark brown 

S. Faint yellow 

Alizarin S, on chromed wool 

F. Brown 

S. Brownish red 

Yellower 

F. Light brown 

Purpurin, on chromed wool 

F. Bright crimson 

S. Crimson 

Rather bluer 

F. Maroon 

S. Red 

Alizarin Bordeaux B, on 
rChromed wool 

F . Deep red-violet ^ 

S. Deep violet 

... 

F. Maroon 

S. Dirty brown* 

Alizarin maroon, on chromed 
wool 

F. Dark cherry-red 

S. Deep red 

Darker 

F, Darker 

S. Dirty brown 

Alizarin S, on cotton, mor- 
danted with alum 

F. Magenta-red; on dilu- 
tion red-yellow 

S. Magenta-red ; on dilu- 
tion red-yellow 


F. Dark brown-red 

S. 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 


F. Dull deep olive 
S. Colourless 

n 

No change * 

Little paler 


F. Greenish grey 

S. Pale green 

at 

No change* 

m 

Dull purple 


Yellow, with red 
border 

F. Maroon » 

S. Violet 

F. Dark crimson 

S. Crimson 

F. Scarlet on boiling 

S. Red 


Yellow, with red 
border 

• 

F. Violet 

S. Violet 

F. Maroon 

S. Violet 

.F. Bright crimson on 
’^**i)biling 

S. Crimson 


Greenish brown 

F, Dark brown 

S. Colourless 

F. Dark brown 

S. Brown 

F. Brighter 

S. Rose 


Greenish yellow 

F. Brown 

S. Colourless 

F, Brown 

S. Brown 

Brighter 


Brown 

F. Dark purple 

S. Colourless 

F. Dark nurple 

S. Red 

F. Brighter 

S. Rose 


Slowly turns orange 

F. Rather bluer 

S. — 

F. Bluer 

S. — 

Brighter 


Yellow, with red 
border 

F. Crimson 

S. — 

F. Purple 

S. — 

Terra-cotta 


Yellow 

F. Red-violet 

S. — 

F. Red-violet 

S. — 

Orange-red 


Yellow ' 

F. Crimson 

S. Rose 

F. Crimson 

S. Deep crimson 

F. Darker 

S. Orange-red 


Yellow, with red 
border 

F. Violet 

S. Violet 

F. Violet 

S. Violet 

* 

Decolorised 


Orange 

F. No action 

S. — 

F. Violet 

S. Violet 

Little change ; de- 
colorised on heat- 
ing 


Dull red 

F. Blue-violet 

S. •— 

F. Blue-violet 

S. — 

F. Light brown on 
heating 

S. Yellow 


Orange-yellow 

F, Darker 

S. Colourless 

F. Darker 

S. — 

Brown 


Bright yellow 

F. Purple 

S. Colourless 

F. Purple 

S. Violet 

Terra-cotta 


! Yellow, with orange 
border 

F. Darker 

S. — 

F, Dark purple 

S. Rose 

Brighter 


Dull red 

F. Blue-violet 

s. — • 

F. Blue-violet 
•S. Blue 



Brownish yellow, 

L with li^iOwn border 

F. Darker 

S. — 

F. Darker 

S, — • 

... 


Orange-red 

• 

F. Purple 

S. — 

F. Purple 

S. Pale red 

Decolorised on heating 

fs 


* With 6 per cent. NaOH. 
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A 


f* 

Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Janus red B : cotton, wool, 
silk 

r 

Blue-green 

No change 

r 

Blue 

f 

Janus Bordeaux B ; cotton, 
wool, silk 

f 

n 

Blue-green 

No change 

Blue 

Cloth red G (Oehler), wool 

r 

F. Violet 

S. Deep blue 

<• No change 

F. Dark red-violet 

S. Pale blue 

Cloth red B (Bayer), wool 

F. Dark navy-blue 

S. Blue-black 

No change 

F. Dark violet 

S. — 

Cloth i^d 3G (Bayer), wool 

F. Dark navy-blue 

S. Blue-black 

No change 

F. Dark violet 

S. — 

Clayton cloth red, wool 

F. Purple ; red on dilution 
S. Violet ; red on dilution 

Brighter 

F. Dull crimson 

S. — 

Ponceau 2G, wool 

F. Much darker 

S. Scarlet 

No change 

F. -- 
S. Rose 

Ponceau R (xylidine scarlet), 
wool 

F. Darker 

S. Rose 

Brighter 

F. Duller 

S. Rose 

Ponceau 2R (xylidine scarlet), 
wool 

F. Crimson 

S. Crimson 

Little change 

F. Rather darker 

S. Rose 

Ponceau 3R (xylidine scarlet), 
wool 

F. Bluer 

S. Bluish scarlet 

No change 

F. Little change 

S. Rose 

Palatine scarlet A, wool 

F. Crimson 

S. Magenta-red 

... 

F. Darker 

S. Rose 

Biebrich scarlet, wool 

F. Dark green 

S. Blue-green 

No change 

F. Red-brown 

S. — 

^ Crocein scarlet 3B, wool and 
cotton 

F. Dark blue 

S. Deep blue 

... 

F. Dark blue 

S. Light blue 

Crocein scarlet 7B, wool 

F. Dark blue 

S. Blue 

Rather darker 

F. Dark blue 

S. Light blue 

Crocein 3BX, wool 

F. Purple 

S. Purple 

... 

F. Crimson 

S. Rose 

Brilliant crocein M, wool 

F. Violet 

S. Violet 


F. Dark i-ed-blue 

S. Light blue 

Brilliant ponceau 4R, wool 

F. Purple 

S. Purple 

... 

F. Little change 

S. — 

Crystal ponceau 6R, wool 

F. Deep violet 

S. Deep Yi(?>let 

No change 

F. Crimson 

S. — 

Azoeosin, wool 

F. Purple 

S. Purple 

... 

F, Crimson 

S. Rose 

Double brilliant scarlet SR, 
wool 

F. Dark violet 

S. Red violet 

Brighter 

F. Red violet 

S. — 

Ponceau S exj^ra, wool 

F. Bluer 

S. Blue 

No change 

F. Brown 

S. Slightly blue 


RED DYES 


1097 


10 per cent. 
Hydrocliloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

No change 

Cotton : dirty browli- 
red 

Wool: 

cMi -i then brown- 
1 yellow 

-% 

No change 

Bluish violet 

Cotton : reddish 

Wool ; red- violet 

Silk : red-violet 

No change 

Cotton : dirty blue, 
then red-brown 

* [ yellow 

Reli-violet 

% 

Reddish violet 

Red-violet 

- . 

Dirty red, with dark 
violet border 

F. Rather darker 

S.' — 

F. Much darker 

S. ~ 

... 


Yellow, with dark 
purple border 

F. Crimson 

S. Rose 

F. Crimson 

S. — 

Rather bluer 


Yellow, with dark 
purple border 

F, Brighter 

S. — 

F. Darker 

S. — 

... 



F. Brighter and 
rather darker 

S. Rose 

F. Crimson 

S. — 

Rather darker 


... 

F. — 

S. Rose 

F. Orange-red 

S. — 

... 

... 

Yellow, with orange 
border 

F. Brighter 

S. — 

F, Yellower 

S. — 

Veiy slowdy de- 
colorised 


Dirty yellow, with 
light crimson 
border 

F. Brighter 

S. Rose 

F. Orange-red 

S. — 

Very slowdy de- 
colorised 


Yellow 

F. Little change 

S. Colourless 

F. Red-orange 

S. Light red 

Very slowly de- 
colorised 


Yellow, with orange 
border 

F. Lighter 

S. -- 

F. Red-brown 

S. — 



Grey-blue 

F. No change 

s* — 

F. Bluer 

S. Violet 

Decolorised on 
wanning 


Yellow, with blue 
border 

F. — 

S, Rose 

F. Purple 

S. — 

Decolorised 


Dark blue 

F. Brighter 

S. Rose 

F. Brownish purple 
S. ~ 

Brown 


1 

i Yellow 

i 

F. Browner 

S. — 

F. Red-brown 

S. — 

Decolorised on 
boiling 


Green-blue, with 
dark blue border 

F. Bluer 

S. — 

F. Purple 

S. — 

Decolorised 


Yellow, with brown 
border 

F. Rather darker 

S. Rose 

F. Brown 

S. Light brown 

... 


Yellow, with ciim- 
i son border 

F. — 

S. Rose « 

F. Brown 

.S. - 

... 


Yellow 

F. Orange 

S. Orange 

F. Orange 

S. — 

Decolorised* 


Yellow, with red- 
violet border 

F. Rose 

S. — 

F. Rather darker 

S. — 

Decolorised * 

s 

Yellow, with brown 
border 

F. Bluer 

S. Bluish rose 

F. Violet 

S. — 

Primson i 


T 
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OEGANIC DYES 


/T 


r 

Byestuff. 

Concentrated Sulphuric 

Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Ponceau SS extra, ’^ool 

F. Red-orange » 

S. Rose 


- 

F. Yellower 

S. Rose 

Ponceau 6R, wool 

F, Violet 

S. Blue-violet 


No change 

f' 

F. Crimson 

S. Rose 

• 

Azocardinal G, wool 

• 

F f Orange-yellow 

S. Bluish rose on dilution 

... 

F. Bluish rose 

S. — 

Fast red A, wool 

F. Deep blue-violet 

S. Violet 


No change 

F. Dull purple 

S. — 

Fast red B, wool 

F. Violet ■ • 

S. Blue-red 


No change 

F. Dull crimson 

S. Rose 

Fast red C, wool..^i» 

F. Reddish violet 

S. Violet 


No change 

F. Darker 

S. Rose 

Fast red B, wool 

F. Violet 

S. Violet 


No change 

F. Darker 

S. Rose 

Fast red E, wool 

F. Dark purple 

S. Purple 


Brighter 

F. Red-maroon 

S. Rose 

Fast red BT, wool 

F. Violet 

S. Violet 


... 

F. Darker 

S. — 

Azo acid rubin, wool 

F. Dark blue-violet ; 

on dilution 

S. Blue- violet ; red 
dilution 

red 

on 

F. Unchanged 

S. 

F. Dark brown-red 

S. Red 

Palatine red, wool 

F. Deep blue 

S. Blue 


Little change 

F. Bluer 

S. — 

Roxamin, wool 

F. Blue-violet 

S. Violet 


Little^ange 

F. Bluer 

S. — 

Ponceau lORB, wool 

F. Blue 

S. Deep green-blue ; crim- 
son on dilution 

Little change 

F. Dark blue-violet 
S. — 

( Bordeaux G, wool 

F. Bright deep blue ; red 
on dilution 

S. Dark blue ; red on dilu- 
tion 

No change 

F. Blue-violet 

S. Light blue 

Bordeaux extra or Congo 
violet, wool 

F. Violet 

S. Violet 


... 

F. Dark violet 

S. — 

Brilliant Bordeaux S, wool 

Blue 


No change 

Violet-red 

Domingo alizarin Bordeaux, 
on wool subsequently- 
treated with potassium 
bichromate (L) 

F. Dark red-violet 

S. — 


... 

F. Darker 

S. — 

Kiton red S, wool 

F. Little changed 

S. Slightly reddish ^ 


F. Unchanged 

S. Slightly reddish 

F. Little change 

S. Slightly reddish 

Archil substitute G, wool 

♦ m 

F. Dark purple 

S, Light purple 


No change 

F. Crimson 

S. Pale rose 

Archil substitute V, wool 

F, Crimson 

S. Crimson 


Darker 

F. Crimson 

S. Light crimson 

Archil substitute 3VN) wool 

F. Crimson 

S. Crimson 


Darker 

F. Crimson 

S. Light crimson 


RED DYES 


1091 


10 per cent. 
HydrocMoric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

' * 

Stannous'CMoride and 
Hydrochloric Acid. 


Yellow, with orange 
border 

F. Much frellower 

S. ■— 

F. Orange 

S. — 

... 


Yellow 

F. — 

Rose 

F. Brown 

S. — 

... 


Yellow 

F. — 

S, Pale red 

F. Deepved-brown 

S. — » 

Decolorised 


Yellow, with dark 
red border 

F. Darker , 

S. — 

F. Maroon 

S. — 

Lighter 



• 

F. Browmish red 

S. ~ 

Lighter 

... ■ 

Yellow 

F. Brighter 

S. Rose 

... 

Lighter 



F. Darker 

S. Brownish 

F, Dirty brown 

S. ~ 

Lighter 

...• 

Yellow, with dull 
scarlet border 

F. Darker 

S. Red 

F. Dark red-brown 
S. — 

Brighter 


Yellow, with purple 
border 

F. Darker 

S. — 

F. Brick-red 

S. — 

Lighter 

F. Unchanged 

S. -- 

F. Yellowish red 

S. Yellowish red 

F. Red 

S. Red 

F. Brown-red 

S. Carmine-red 

F. Slightly brighter red 
S. — 


... 

F. Redder 

S. — 

F. Brown 

S. Light brown 

Nearly decolorised 

... 

Yellow, with blut 
bordei 

F. Purple 

S. — 

F. Brownish purple 
S. — 

... 

... 

Orange 

F. — 

S. Rose 

F. Violet-brown 

S. — 

Decolorised , 

... 

... 

F. Rather darker 

S. ~ 

F. Dark-purple 

S. — 

... 

... 

Yellow, with blue 
border 

F. Crimson 

S. Rose 

F. Dark maroon 

S. Reddish brown 

Bluer 

Fading to faint 
red 

Orange-yellow 

Fading 

Fading red-brown 

Slowly decolorised i 

... 

F. Dark red, slowly 
paler 

S. — 

F. Rather lighter 

S. — 

F. Light red 

S. — 

F. Darker 

S. — 

F. Unchanged 

S. Slightly red- i 
* dish 

F. Orange 

S. Reddish yellow i 

F. Unchanged 

s. 

F. Yellowish brown 
S. Faint yellowish 
• brown 

F, Unchanged 

S. — 

... 

Yellow, with pale 
crimson border 

F. Brighter 

S. Light red 

F. Rather darker 

s. - * 

« 

... 1 

Yellow 

F. Light maroon 

S. — 

F. Maroon 

S. — 

Lighter 

... 

Yellow 

F. Maroon 

S. ~ 

F. Dark maroon 

S. — 

— —% 

-Lighter 
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1100 ORGANIC DYES 


r 

Dyestufif. 

Concentrated Sulphuric 
Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

ArchilUn 2B, wool * 

F. Dark blue 

S. Blue 

No change 

F. Violet 

S. — 

Archil Red A 1 . 

Union fast claret/^ ^ 

F. Dark blue 

S. Blue 

r 

F. Violet 

S. — 

Orthocerise B, wool (A) 

F. ilather deeper, then 
fiery red 

S. Rose on dilution ^ 

... 

F. Cinnabar-red 

S. — 

Azofuchsin G, wool 

F. Bluish violet 

S. Violet-black ^ 

No change 

F. Brighter 

S. Rose 

Azofuchsin B, wool 

F. Dull crimson 

S. Dirty red 

r No change 

F. Little change 

S. Rose 

Azofuchsin GN exi'r^ cotton 

Violet-red 

Fades slightly 

Rather more violet 

Milling^red R, wool 

F. Deep red-blue 

S. Red-blue 

Rather darker 

F. Browmish 
maroon 

S. — 

Benzo fast red, wool 

F. Crimson ; on dilution 
red-orange 

S. Crimson ; on dilution 

... 

F. Crimson 

S. Crimson 


red-orange 



Milling scarlet B (Cl.Co) 

F. Crimson 

S. Crimson 

... 

F. Bluer 

S. Colourless 

Acid magenta, wool 

F. Browm-yellow 

S. Colourless ; on dilution 
rose 

Little change 

F. Much paler 

S. Rose 

Azo carmin and rosinduline, 
wool 

F. Dark green 

S. Light green 

Nb change 

F. Darker 

S. Red 

Eosin (yellowish), wool 

f 

F. Bright orange, becom- 
ing brownish yellow 

S. Canary-yellow 

Bright reddish yellow' 

F. Bright reddish 
yellow 

S. — 

Erythrin (methyleosin), w^ool 

F. Orange-yellow 

S. Bright yellow 

Slowly decolorised 

F. Light yellow 

S. — 

Erythrosin, wool 

F. Orange-red, becoming 
yellow-brown 

S. — 

Orange-yellow 

F. Orange-yellow 

S. ~ 

Safrosin, wool 

F. Dirty green-yellow 

S. Yellow 

Slowly decolorised 

F. Nearly decolor- 
ised 

S. — 

Phloxin, wool 

F. Bright orange, becom- 
ing brown-yellow 

Slowly decolorised 

F. Dull yellow 

S. — 

C 5 ^nosin, wool 

F. Bright orange, becom- 
ing brown-yellow 

S. — 

Redder 

F. Orange-red 

S. — 

Rose Bengal, wool 

F. Reddish brown 

S. 

Slowly decolorised 

F. Decolorised 

S. — 

Rose Bengal B, wool 

F. Bright orange ; becom- 
ing orange, and finally 
dirty yellow 

S. Reddish yellow 

Slowly decolorized 

F. Decolorised 

S. — 

Cyclamin, wo»l 

F. Reddish brown 

S. Brown 

Decolorised 

F. Flesh coloured 
S. — 



RED DYES 


1101 


10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide, 

3 

Stannous Chloride and 
Hydrochloric Acid. 

1 .«• 

Dirty yellow, witS 
blue border 

F. Red-viQlet 

S. Faint violet 

F. Reddish violet 

S. Faint violet 

Sslowly decolorised 

... 

Yellow, with blue 
border 

F. Dull crimson 
- 

F. Brownish maroor 
S. — 

1 

F. Cinnabar-red 

! s. — 

F. Brick-red, then 
yellow 

S. Yellowish 

F. — 

S. Ros^ 

F. More 'brownish 

S. — * 


... 

Yellowish orange 

F. Bright scarlet 

S. Red ^ 

F, Reddish violet 

S. Dirty violet 

Rapidly decolorised 

••• 

Dull red 

F. Orange-red 
S.*Orange 

F. Cherry-red 

S. — 

Slowly decolorised 

Fades slightly 

Yellow-red 

Fades to red 

Fades to red 

^''^^Colourless 

... 

Orange-red 

F. Little change 

S. — 

F. Redder 

S. — 

• f • « 

... 

Red-orange 

F. Crimson 

S. Pale rose 

F. Crimson 

S. Light red 

Yellow 

... 

F. Yellower 

S. Pale scarlet 

... 

F. Yellower* 

S. Orange-yellow 

Pale bluish crimson 

... 

Yellow 

F. Decolorised 

s. — . 

F. Decolorised 

S. — 

Little change 

... 

• 

F. Bluer 

S. Rose 

F. Maroon 

S. — 

... 


Yellow 

F. Brighter 

S. Rose 

F. Brighter 

S. Rose 

Orange-yellow 

- 

Bright yellow 

F. Brighter 

S. Rose 

F. Darker 

S. Rose 

Decolorised 

... 

Yellow 

F, Little change 

S. Rose 

F. Little change 

S. Rose 

Orange-yellow 

... 

Yellow 

F. Darker 

S. Rose 

F. Darker, becom- 
ing orange-red 

S. — 

Decolorised 

... 

Yellow 

F. Little change 

S. Rose 

F. Little change 

S. Ro#e 

Decolorised 

i 

Yellow, with orange 
border 

F. Little change 

S. Rose 

F. Little change 

S. Rose 

Bright orange-red 

j • 

Yellow 

F. No chaise 

S. Rose * 

F, Rather darker 

•s. — 

Decolorised 

• 

1 

Yellow 

F. Darker 

S. Rose 

F. Darker • 

S. — 

Decolorised 


Yellow 

F. — 

S. Rose 

— 

Decolorised 


* With. 5 pex cent. NaOH. 
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ORGANIC DYES 


(f 


* 

Dyestuff. 

Concentrated Sulpliuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

( 

Rhodamine B, wool 

F. Yellow ; colom* restated 
on dilution 

S. Yellow; rose on dilution 

C 

Brighter 

F. Orange ; colour 
restored on dilu- 
tion 

S. — 

Rhodamine 3B, wool « 

F. Yellow ; bright rose on 
• dilution 

S. Yellow ; bright rose oa 
dilution ^ 

r 

Brighter 

F. Orange ; colour 
restored on dilu- 
tion 

S. — 

XL Acid eosin SB, wool (R) 

F. Dark crimson* 

S. -■ 

• 

F. Dark crimson ; 
jcolour restored 
on dilution 

S. Rose on dilution 

Rosinduline 2G,’^o^i 

Dark green 

Slight change 

Brown-yellow 

Eosamin B, wool 

• 

Blue-black 

Slight change 

Violet 

Apollo red, wool 

Red-violet 

Slight change 

Violet 

Chromotrope 2R, wool 

Darker 

No change 

Fainter 

Chromazone red, wool 

Blue-black 

No change 

More violet 

Lanafuchsin, wool 

F. No change 

S. Magenta-red 

No change 

F. No change 

S. Reddish 

Lanafuchsin BBS (C) 

F. Blue 

S. Blue 

... 

F. Brownish red 

S. Colourless 

Fast acid eosin, wool 

Pale yellow 

No change 

Yellow 

Azo carmin G, wool 

Dark green 

Bro'v^^ler, fading to 
yciSTw 

Dirty green 

Azo acid carmin B, wool 

F. Dark blue 

S. Brown 

Faint violet 

F. Red 

S. Red 

Guinea carmin B, wool 

F. Violet 

S. Blue 

No change 

F, Very slightly vio- 
S. Violet-red [let 

Anthracene red, wool 

F. Bluish crimson ; pale 
red on dilution 

F. Bluish crimson ; pale 
red on dilution 

... 

F. Much darker 

S. — 

Salicin red, on wool mor- 
danted with chromium 
fluoride 

F. Becomes tinged with 
blue 

S. Violet-red 

No change 

F. Slight change 

S. Slightly red 

Salicin red B, wool 

F. — 

S. Vfolet-red 

No change 

Red-brown 

Salicin red 2G, on wool 
mordanted with chromium 
fluoride 

F. Carmine-red 

S. Carmine-red 

No change 

F. Carmine-red 

S. Carmine-red 

Salicin red 2G, wool 

F. Carmine-red 

S. Carmine^red r 

No change 

F. Red-brown 

S. Slightly red • 

e 

Chrome fast red B (direct 
colour), wool , ^ 

F. Black 

S. Blue; red -violet on 
dilution 

F. Brown 

s. - 

F. Black-brown 

S. — 

Chrome fast red B, on wool 
subsequently treated with 
chromium'fluoride 

F, Black 

S. Blue ; red - violet on 
dilution 

F. Brown 

S. — 

F. Black-brown 

S. — 


EED DYES 


11C3 


10 per cent. 
Hydrochloric Acid. 

Nitric Acid. j 

Sp. gr. 1-40. 

Aumonium Hydroxide . 
Sp. gr. 0*91. 

10 per cent. 

Sodium Hydroxide. 

a 

Stannous Chloride and 
Hydrochloric Acid. 

... 

% 

Yellow 

F. Rather tluer 

S. Colourless 

F. Bluer 

S. Colourless 

Brighter 

... 

Red 

• 

F. Rather bluer 

S- 

F. RatherJbluer 

S. — » 

Scarlet 

... 

F. Dark crimson 

S. — 

F. Yellow-red % 

S. Yellow-red 

t 

F, Yellow-red 

S. Yellow-red 


Slight change 

Yellow 

Slight change 

Slight change 

^ Brown 

Slight change 

Brown-red 

Slight change 

Browner 

Brighter 

Slight change 

Red 

Brighter 

Browner 

Darker 

No change 

Yellow 

More violet 

Yellowish 

Slowly paler 

No change 

Brown-yellow 

j More violet 

Brown-red 

Paler 

No change 

Yellow 

Brownish 

Red-brown 

Decolorised 

... 

F. Bright red 

S. Pale red 


F. Brownish red * 

S. Pale red 

Decolorised 

'No change 

Light yellow 

Yellowish 

Dirty rose 

Orange 

Browner, fading 
to yellow 

Red^ • 

Fades to red 

Fades to red 

Darker, fades to violet 

No change 

Dark yellow 

F. Slight change 

S. Slightly red 

Dark red 

Decolorised 

No change 

Yellow 

F. Slight change 

S. Slightly red 

Brown-red 

Slowly decolorised 

... 

Orange 

F. — 

S. Pale rose 

F. ~ 

S. Orange-red 

Decolorised 

No change 

Orange 

No change 

Red-brown 

Nearly decolorised 

Slightly reddish 

Orange 

No change 

Red-brown 

• ' 

Nearly decolorised 

No change 

Yellow 

No change 

Brown 

Decolorised 

No change 

Yellow 

F, No change 

S. Slightly jeddish 

Red-brown 

• 

Decolorised 

F. Dark brown 

S. — 

F. Dark brown 

S. Yellow-brown 

• 

F. Slightly red- 
brown 

S. Reddish 

F. Dark brown 

S. Red-brown m 

9 

F. Dark brown 

S. — 

F. Dark brown 

S. — 

F. Black-brown 

S. Yellow-brown 

F. Slightly red- 
brown 

S. Rather reddish 

F. Dark brown 

S. Brown-red 

F. Dark brown 

s. - 


t 


* With 5 per cent. IsTaOH. 
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ORGANIC DYES 


0 


e 

Dyestufif. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Chrome fast red on wool 

subsequently treated with 
potassium bichromate 

F. Black , 

S. Blue ; red-violet on 
dilution 

m 

F. Brown 

S. — 

F. Black 

S. — 

Chrome fast red G •(direct 
colour), wool 

« 

F. Dark brown 
S.^Red-violet ; light brown 
on dilution 

• 

F. l?n changed 

S. — 

F. Dark brown 

S. Slightly reddish 
violet 

Chrome fast red G, on wool 
subsequently treated with 
chromium fluoride 

F. Dark brown * 

S. Reddish violet ; red- 
dish brown on dilution 

F. Brown 

S. — 

F. Black-brown 

S. , — 

Chrome fast re(y^^n wool 
subsequently treated with 
potassium bichromate 

F. Dark brown 

S. Violet ; brown-yellow 
on dilution 

F. Little change 

F. Dark brown 

S. — 

Chrome fast red R (direct 
colour), wool 

F. Black-brown 

S. Blue-violet ; on dilution 
reddish violet 

F. Brownish 

S. — 

F. Dark brown 

S. ^ 

Chrome fast red R, on wool 
subsequently treated with 
chromium fluoride 

F. Black-brown 

S. Blue- violet ; on dilution 
red-violet 

F. Brown 

S. -- 

F. Black-brown 

S. — 

Chrome fast red R, on wool 
subsequently treated with 
potassium bichromate 

F. Black-brown 

S. Blue-violet ; red-brown 
on dilution 

F. Dark brown 

S. — 

F. Black-brown 

S. — 

Fast acid phloxin A, silk 

F. Yellowish, nearly decol- 
orised ; colour restored 
on dilution 

S. — 

F. Unchiinged 

F. Yellowish ; col- 
our restored on 
dilution 

S. — 

Acid rhodamine 3R, silk 

F. Orange 

F. Unchanged 

S. — 

F. Orange 

1 s. — 

Rhodamine 6G, cotton 

F. Yellow ; rose on dilution 
S. Y ellow ; rose on dilution 

Lighter 

F. Orange-yellow ; 

rose on dilution 

S. — 

Rhodine BS, on tannin-mor- 
danted cotton (BF) 

F. Orange 

S. Orange on dilution 

... 

F. Brick-red, then 
orange 

Rhodine 3G, on tannin-mor- 
danted cotton (BF) 

F. Orange-yellow 

S. Reddish orange on dilu- 
tion 

... 

F. Brick-red, then 
orange 

S. ~ 

Rhodamine S, cotton 

F. Yellow ; rose on dilution 
S. Yellow ; rose on dilution 

Lighter 

F. Orange-yellow ; 

rose on dilution 

S. — 

Magenta, wool and cotton 

F. Brownish yellow 

S. Yellow ^ 

F. Darker and bluer 

S. Colourless 

F. Yellow 

S. Slightly yellow 

N ew magenta, wool and cotton 

F. Yellow 

S. Yellow 

F. Dark maroon, becom- 
ing brown 

S. Colourless " 

F. Yellow 

S. Slightly yellow 

Safranine, wool and cotton 

F. Dark green 

S. Light green 

F, Bluer 
j S. Colourless 

F. Dark blue 

S. Blue 


y>^ co>t3 c/ 3 c/3*Td 


RED DYES 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

9 

Stannous Chloride and 
Hydrochloric Acid. 

F. Dark brown 

S, — 

F, Black-brow'n ^ 
S. Yellow-brown 

F. Faint tyownish 

S. — 

F. Dark brown 

S. Red-brown 

F.'^Dark brown 

S. — 

F. Light brown- 
ish 

S. — 

F. Yellow-brown 

S. Faint reddish 
brown 

?. Unchanged 

S. Slightly reddish 

F. Brown-yellow 

S. Brown^yellow 

» 

F. Red-brown, slowly 
^ becomes decolor- 
ised 

S. Colourless 

F. Dark brown 

S. — 

F. Black-brown 

S. Faint reddish ; 
brownish on 

dilution 

F. Unchanged 

s. - 

F. Brown 

S. Brown-yellow 

F. Dark brown 

S. — 

F. Dark brown 

S. — 

F. Dark brown 

S. Reddish brown 

F. Unchanged 

S. — 

F. Brown 

S. Yellowish brown 

F. Dark brown, slowly 
» -bjicoming lighter 
brown 

S. — 

F. Dark brown 

S. — , 

F. Dark brown 

S. Reddish brown 

F. Brown-red 

S. Slightly reddish 

F. Dark brown 

S. Yellowish brown 

'3/ 

F. Dark brown 

S. — 

F. Brown 

S. — 

F. Dark brown 

S. Yellowish red 

F. Brown-red 

S. — 

F. Brown 

S. Red-brown 

F. Black-brown 

S. — 

F. Dark brown 

S. — 

F. Black-brown 

S. Yellow-red 

F, Unchanged 

S. — 

F. Brown 

S. Brown-red 

F. Black-brown 

S. — 

F. Unchanged 

F. Yellow ^ 

F. Unchanged 

F. Unchanged 

F. Rather paler rose 

S, — 

S. — ^ 

S. — 

S. — 

S. — 

F. Unchanged 

F. Yellow 

:s. — 

F. Rather more 

bluish red 

S. — 

F. Rather more 

bluish red 

S. — 

F. Little change ^ 

... 

F. Orange 

S. Rose 

F. Little change 

S. — 

F. Yellower 

S. Light red 

Lighter 


F. Brownish red 

S. Rose 

... 

F. More tinged with 
red 

S. — 

F. More tinged with 
red 

S. — 

... 

F. Carmine 

S. Rose 

... 

F. Yellowish red 

S. — 

F. Slowly becomes j 
pale orange 

S. — i 

... 

Orange-red 

F. Little change 

S. Rose 

• 

F. Lighter 

S. — 

Lighter | 


Yellow 

F. Slowly decolor- 
ised 

F. Nearly decolor- 
ised 

Slowly decolorised 

* 


S. — 

£. — 


... 

Bright yellow 

• 

F. Slowly decolor- 
ised 

S. — 

F. Nearly decolor- 
ised 

s. — • 

* 

Slowly decolorised 

... 

First red-blue, then 
green, finally 
yellow 

F. No change 

S. — 

F. No change 

S. — 

Decolorised on warm- i 
ing 1 

! 
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ORGANIC DYES 


r 




Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Pyronine G, cotton ^ 

Yellow 

Slirht change 

Orange 

Induline scarlet, cotton 

Brown-red 

No change 

Green 

Congo red, cotton 

F. Deep blue 

S. Blue 

Blue 

F. Blue 

S. Colourless 

Congo red 4R, cotton 

F. JDeep blue 

S Blue 

Dull purple • 

F. Deep blue 

S. Colourless 

Brilliant Congo R, cotton 

F. Deep blue 

S. Blue ' 

Duller 

F. Olive-brown 

S. Colourless 

Benzopurpurine B, cotton 

F. Deep green-blfie 

S. Blue 

Dull red 

$ 

F. Olive 

S. Colourless 

Benzopurpurine 4B, ^iotton 

F. Deep blue 

S. Blue 

Dark slate 

F. Bright blue 

S. Colourless 

Benzopurpurine lOB, cotton 

F. Indigo-blue 

S. Blue 

Blue 

F. Blue 

S. Colourless 

Brilliant pui-purine R, cotton 

F. Deep blue 

S. Blue 

Dull violet 

F. Dull blue 

S. Colourless 

Delta purpurine 5B, cotton 

F. Deep bright blue 

S. Blue 

Reddish brown > 

F. Brown-olive 

S. Colourless 

Delta purpurine 7B, cotton 

F. Deep green-blue 

S. Blue 

Browner 

F. Brown 

S. Colourless 

Columbia fast red F, cotton 
CA) 

F. Blue-black 

S. Dirty violet 

F. Brown 

S. — 

F. Violet-black 

S. - 

1 

Rosazurine, cotton 

F. Deep green-blue 

S. Green- blue 

Browner 

F. Brown-olive 

S. Colourless 

Diamine red NO, cotton 

F. Deep blue 

S. Blue 

m 

Dull vitjiet 

F. Olive 

S. Colourless 

Diamine scarlet B, cotton 

F. Blue-violet 

S. Violet 

Little change 

F. Violet 

S. Violet 

; Diamine fast red F, cotton 

F. Deep red-blue 

S. Blue 

Duller 

F. Red-violet 

S. Colourless 

Thiazin red R, cotton 

Brown-red 

Slight change 

Violet-red 

: TMazin red G, cotton 

Magenta-red 

Slight change 

Magenta-red 

Sorbin red, cotton 

Brighter 

Slight change 

Fades to red, and 
becomes rather 
browner 

Glycine red, cotton 

Blue-black 

Blue 

Blue 

Brilliant geranin B, cotton 

Blue-green 

Darker 

Violet 

i Diamine rose BD, cotton 

F. Violet-red 

S. Violet-red 

No change 

F. No change 

S. Slightly violet-re< 

Hes'sian purple N, cotton 

F. Green-blue 

S. Green-blue 

Dull violet 

F. Blue-violet 

S. Colourless 

Hessian brilliant purple, cotton 

F. Blue 

S. Blue 

Little change 

F. Grey 

S. Colourless 

i Napbtbylene red, cotton 

F. Dull blue 

S, Blue 

Dull violet 

F. Dark blue-green 
S. Colourless 



RED DYES 
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10 per cent. 
Hydroctiloric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

Stannous Cliloride and 
Hydrochloric Acid. 

Slight change 

Red ^ 

Faiater 

Almost colourless 

• Orange 

No change 

Brown-yellow 

Darker 

Darker 

Pale violet 

... 

Blue 

F. No change 

S. — 

F, No change 

S. — 

^ Decolorised 

... 

Orange 

F. Little change 

S. Ros% 

F. Little fha^e 

Decolorised 

... 

Light red 

F. No chan^ 

S. — 

F. Rather yellower 

S. 

Decolorised 

... 

Light brown 

• 

F. Little change 
SaRosc 

F. Yellower 

S. — 

Decolorised 

... 

Yellow 

F. Little change 

S. — 

F. Little change 

S. — 

decolorised 

... 

Yellow 

F. Little change 

S. — 

F. Little change 

S. — 

Decolorised 

... * 

Yellow 

F. No change 

S. Slightly rose 

F. No change 

S. — 

Decolorised 

... 

Yellow 

F, No change 

S. — 

F. No change 

S. — 

Decolorised 

... 

Light brown 

F. Little change 

S. Rose 

F. Little change 

S. — 

Decolorised 

F, Brown-black 

S. — 

F. Dark brown 

S. Yellow 

F. Rather deeper 

S. — 

F, Deeper 

S. — 

Blue-violet 


Light brown 

• 

F. No change 

S. — 

F. Little change 

S. — 

Decolorised 

... 

Light brown 

F. Little change 

S. Rose 

F. Little change 

S. — 

Decolorised 

... 

Crimson 

F. Orange 

S. — 

F. Orange 

S. — 

Decolorised 

... 

Brown 

F. Little change 

S. — 

F. Brown 

S. — 

At first dull purple, 
then slowly decolorised 

Slight change 

Red 

Violet 

Violet 

Colourless 

Slight change 

Magenta-red 

Darker 

Darker 

Colourless 

Slight change 

Yellow-brown 

Slight change 

Brown 

Slight change 

Blue 

Fades dirty yellow- 
green ; fibre green- 
grey 

Bright red 

• 

Bright red 

• 

Colourless 

Darker 

Violet 

More violet 

More violet 

Colourless 

No change 

Orange 

Slightly violet 

^ Slightly violet 

Decolorised 

... 

Brown 

F. Rather redder 

S. Rose 

F. Little change 

S. — • 

• 

Decolorised 

- 

• 

Brown 

F. Little change 

S. — 

F. Little change 

S. — 

Decolorised 

... 

Olive-green 

F. Little change 

S. — . 

F. Little change 

S. — 

* 

Decoiorised 


4 A 


n 
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ORGANIC DYES 


•( — 

Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 
Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 


F. Dark crimson , 

S. Crimson 

Little change 

F. Bluer 

S. Colourless 

Rosanthren B, on cotton 
diazotised and coupled 
with /3-naphthol after 
dyeing (J) ^ 

F. Black 

S. Rose on dilution 

% 

F. ^^ather darker 

F. Dark carmine 

S. — 

Rosanthren R, on cotton 
diazotised and coupled 
with /3-naphthol after 
dyeing (J) 

F. Dark carmine 

S. Yellowish red on* dilu- 
tion ^ 

F. Rather darker 

s. 

F. Carmine 

S. — 

Rosanthren AW (I) 

Rosanthren GW (I) 

F. Bluish purple 

S. Bluish purple 

F. Crimson 

S. Crimson 

$ 

... 

... 

F. Purple 

S. Colourless 

F. Crimson 

S. Colourless 

Rosanthren RW (I) 

F. Crimson 

S. Crimson 


F. Bluish crimson 

S. Colourless 

Rosanthren pink (I) 

F. Deep blue 

S. Bright azure-blue 


F. Purple 

S. Colourless 

Erika B (cotton) ] 

F. Purple 

S. Violet 

Redder 

F. Redder 

S. Colourless 

Geranin 2B, cotton 

F. Crimson 

S. Rose 

Little change 

F. Little change 

S. — 

Paranitraniline red, cotton 

F. Deep magenta - red ; 

orange-red on dilution 
S. Magenta-red ; orange- 
red on dilution 

No change 

F. Little change 

S. ~ 

, Thiogen rubin 0 (M) 

F. Bluish purple 

S. Colourless 


F. Purplish blue 

S. Colourless 

Thxoindigo red B (K) 

F. Duller and bluer 

S. Colourless 


No change 

Algol red B (By.) 

F. Bluish purple 

S. Purple 


F. Redder 

S. Colourless 

Vat red (B) 

F. Red 

S. Colourless 

... 

F. Maroon 

S. Colourless 

Ciba scarlet G (I) 

F, No change 

S. Colourless 

... 

F. No change 

S. Colourless 

Algol scarlet G 

F. No change 

S. It eddish 

... 

F. No change 

S. Colourless 

Algol Bordeaux 3B (By.) 

F. Little change 

S. Maroon 

... 

F. Little change 

S. Colourless 

Brown Dyes 




Anthracene brown on chromed 
wool ^ ... 

F, Redder 

S, Brown 

No change 

F, Yellower 

S. Light brown 

Cloth brown (reddish) on 
chromed wool 

F. Very dark violet 

S. Violet 

Much darker 

F. Dark violet 

S. — 

Gambin on^chromed wool 

F. Dark brown 

S. Light brown 

Redder 

F. Little change 

S. — 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gr. 1*40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

]0 per cent. 
Sodium Hydroxide. 

Stannous Chloride and 
Hydrochloric Acid. 

... 

Little change 

F. Orange-red 

S. Orange-red 

F. Orange-red 

S. Light orange 

Decolorised 

F. Darker 

S. — 

F. Brownish red 

S. — 

Rather lighter 

F. Rather more 

yellowish * 

s. 

F. Dark carmine 

S. — 

F. Rather darker 

, s. •“ 

F. Reddish brown 

S. — 

• 

F. Rather lighter 

S. — 

• 

F. Rather darker 

S. — 

F. Carmine 

S. — 

... . 

F. Bluish crimson 

S. Colourless 

• 

No change * 

Little paler 

: 

F. Orange-brown 

S. Yellowish 

... 

F. Yellower* 

S. Colourless 

No change 


F. Orange 

S. Pale yellow 


No change * 

No change 


F. Purplish brown 

S. Colourless 


F, Brownish 
purple * 

S. Colourless 

Pale bluish pink 


Pale red 

F. Little change 

S. Rose 

F. Rather bluer 

S. Colourless 

Slowly decolorised 


Little change 

F. Violet 

S. Violet 

F. Violet 

S. — 

Decolorised 

! 

F. Crimson 

S. Scarlet 

F. Little change 

S. — • 

F. Dark brick-red 

S. — 

Decolorised 


F. Pale dull crim- 
son 

S. Colourless 

... 

No change * 

Bluer ^ 

: 

No change 


No change* 

No change 

... 

F. Paler and redder 
S. Pale red 

... 

No change * 

Little change 

*“ 

F. Red 

S. Colourless 


F. Red* 

S. Colourless 

F. Red 

S. Colourless 


F. No change 

S. Colourless 


F. No change * 

S. Colourless 

No change 


F. Orange 

S. Orange 


F. No change * 

S. CoTourless 

^F. No change 

S. Colourless 

: 

F. Yellow 

S. Yellow 

... 

F. No change * 

S. Colourless 

No change 

*1 ... 

Dark orange 

• 

F. Olive to black 

S. Colourless 

• 

F. Olive to black 

S. Colourless ^ 

• 

Little change 

... 

Dark retl, with dark 
violet border 

F. Darker 

S. — 

F. Darker 

S. — 

Little change 

... 

Brownish yellow 

F. Little change 

F. Yellower 

S. Pale yellow 

Redder 


* With 5 per cent. NaOH. 
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# 

Dyestuff. 

Concentrated Sulphuric 
Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

• 

Dioxin on chromed wool 

F. Dark green c 

S, Green 

Little change 

F. Darker 

S. Light brown 

Anthracene acid brown B, on 
chromed wool ^ 

F. Violet-red 

S. Violet-red 

No cha?age 

F. Darker 

S. Faint violet-red 

Anthracene acid brown B, 
wool 

F.fViolet-red 

rS. Violet-ied ^ 

No change 

F. Reddish 

S. Violet-red 

Janns brown B, cotton, wool, 
silk 

Grey-black ^ 

No change 

Browm-black 

Janus brown R, cotton, wool, 
silk ^ ^ 

Blue-black 

If 

No change 

Blue-black 

Domii?^o chrome brown B, on 
wool subsequently treated 
with potassium bichromate 

(L) 

F. Black 

S. — 

... 

F, Black 

s. — . 

Domingo alizarin brown G, 
on wool subsequently 
treated with potassium 
bichromate (L) 

F. Dark brown 

S. — 

... 

F. Darker 

S. — 

Palatine chrome brown R 

CB) 

F. Bluish crimson 

S. Crimson tint 

... 

F, Bluish crimson 

S. Colourless 

Anthracene chrome brown 
SWN (C) 

F. No change 

S. Colourless 

^ ... 

F. Dark red 

S. Faint red 

Anthracene chromate brown 
3G (C) 

F. Lighter 
, S. Colourless 

... 

F. Dark brown 

S. Brownish tinge 

^Anthracene chromate brown 
EB (C) 

F. No change 

S. Colouiless 

... 

F. Little lighter 

S. Pink 

Pegn brown, silk 

Cheny-red 

No change 

Brown-red 

Alizarin brown G, w'ool 

Blue 

Slight change ; browner 

F. Black 

S. Reddish 

Alizarin red-brown R, wool 

Black, solution brown- 
red 

No change 

F. Black 

S. Black brownish 
red 

Fast brown (MLB), wool 

F. Bluer 

S. Blue 

No change 

F. Dark crimson 

S. Rose 

Naphthylamine brown, wool 

F. Bright blue 

S. Blue 

No change 

F. Darker 

S. Blue 

F ast brown (Bayer), wool 

F. Red- violet 

S. Red-violet 

No change 

F. Dark maroon 

S. Rose 

Fast brown G, wool 

F. Dirty brown 

S. Red 

F. Darker 

S. Brown 

F. Chocolate-brown 

s. ■— . 

Fast brown 3B, wool 

r 

F. Dark blue 

S. Red-blue 

- 

F. Violet 

S. Slightly violet 

Acid brown G, wool 

F. Dirty purple 

S. Purple 

Brighter 

F. Darker 

S. Slightly yellow 

Acid brown R, wool 

- . - — ^ 

F. Dark violet 

S- Violet 

No change 

F. Dark violet 

S. Violet 




BROWN DYES 


nil 


10 per cent. 
Hydrochloric Acid. 

ISTitric Acid. 

Sp. gr. 1*40. 

Ammonmm Hydroxide. 
Sp. gr. 0*91. 

10 per cent. 
Sodium Hydroxide. 

• 

Stannous Chloride and 
Hydrochloric Acid. 

... 


F. Dark green 

S. Faint red 

F. Very dark green 
S. — 


No change 

Dark yellow-brown 

No change 

• 

F. Slightly reddish 
S. Slightly reddish 

Yellow-green 

No change 

Yellow'-brown 

F. Slight change 

S. Browmish 

F. Red-l^own 

S. Red-brow^ 

Grey 

No change 

Dirty brown 

• 

Fades to pskle red 

No change 

Brown-yellow, almost 
colourless 

No change 

Cotton : blue-black, 
then red-brown 
Wool : blue-black, 
then brown-yellow 
Silk : blue - black, 
then grey-black 

• 

Fades slightly 

F ades slightly to 
brownish red 

Cotton : yellowish, 
almost colourless 
jVool: brown-red 

Silk : brown-red 


F. Black, then yel- 
low-brown 

S. — 

F. Darker 

S. — 




F. Dark brown, 
slowly paler 

F. Rather paler 

S. — 

F. Pale reddish 
brown 

S. — 

... 

... 

F. Crimson, then 
yellowish red 

S. Yellow tint 

... 

F. Redder * 

S. Colourless 

Little change 

... 

F. Reddish brown 

S. Brown 

... 

F. No change* 

S. Colourless 

Decolorised 

... 

I F. Lighter" 

S. Yellow tinge 

... 

F. Little darker * 

S. Brown tinge 

Decolorised 

... 

F, Much lighter 

S. Dark brown 


F. No change* 

S. Colourless 

F. Light red . . 

S. Light red 

No change 

Brownish red 

No change 

No change 

Yellowish 

Slight change ; 
browner 

F. Black 

S. Red-brown 

Brown-red 

Brown-red 

Brown : slowly de- 
colorised 

No change 

Yellow 

Rather redder 

F. Darker 

S. Red 

Slowly becomes paler 


Yellow, with scarlet 
border 

F. Darker 

S. — 

F. Darker 

S. — 

... 

... 

Dirty yellow, with 
maroon border 

F. Crimson 

S. Crimson 

F. Bli^sh crimson 

S. Colourless 

* Little change 


Yellow, with maroon 
border 

F. Yellower 

S. Yellow-brown 

F. Dull scarlet 

S. — 

Paler 


Yellow, with maroon 
border 

• 


Paler 


Yellow, with orange 
border 

F. Crimson 

S, Rose 

F. Crimson 

S. — 

Bluer 


Dirty yellow, wdth 
pale maroon border 

F. Brighter 

S. Faint brown 

F. Rather darker 

S. — 

Little change 


Greenish yellow, 
with purple border 

F. Scarlet 

S. Rose 

F. Bright scarlet 

S. - 

Nearly^decolprised 




* With 6 per cent. NaOH. 
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ORGANIC DYES ' 


r 


if 


Dyestuff. 

Concentrated Sulphuric 

Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

• 

Bismarck brown GG, wool 

F. Purple ; colour restored 
on dilution 

S. Red-brown 

f 

F. Darker 

S. Colourless 

F, Maroon 

S. Red 

Benzo brown G, cotto» 

F. Darker 

S. Grey 

^ No change 

F. Dark brown 

S. Light brown 

Benzo brown B, cotton ' 

iF.^ark purple 

S. — ^ 

Darker 

F. Darker 

S. Light browm 

Benzo brown NBR, cotton 

F. Dark blue ^ 

S. Dull blue ^ 

Bluer 

F. Red-violet 

S. Colourless 

Benzo brown 5R (Terra-cotta 
F, Alkali brown (Dahl), 
Cotton browm^R), ■cotton 

F. Crimson 

S. Crimson 

t 

Little change 

F. Little change 

S. Rose 

Terra-cotta F 

Dark red 

Slight change 

Red 

X, 

Columbia brown M, cotton (A) 

F. Brown-black 

S. Brown 

F. Red-browm 

S. — 

F. Violet-black 

S. — 

Benzo black-brown, cotton 

F. Grey-black 

S. Brown on dilution 

Little change 

F. Dark violet ; col- 
our restored on 
dilution 

S. — 

Congo browm G, cotton 

F. Dark violet 

S. Violet 

Little change 

F. Violet 

S. Colourless 

Congo brown R, cotton 

F. Violet 

S. — 

Yellow^er 

F. Blue-violet 

S. — 

Hessian brown 2B, cotton 

F. Dirty blue-violet 

S. — 

duller 

F. Discoloured 

S. — 

Mikado brown, cotton 

F. Violet 

S. Violet 

Yellow 

F. Browm 

S. Colourless 

Tolylene brown, cotton 

F. Dark violet 

S. Violet 

Greener 

F. Darker 

S. Rose 

Cotton brown A, cotton 

F. Dark green 

S. — 

Little change 

F. Darker 

S. Colourless 

Cotton browm N, cotton 

F. Blue-black 

S. Grey 

Darker 

F. Darker 

S. Light brown 

Diamine brown V, cotton 

F. Dark red-blue 

S. Red-blue 

No change 

F. Little change 

Diamine brown R, cotton 

F. Violet 

S. Violet 


Sp. gr. 1T6 

F. Black 

S. — 

Diamine bronze, cotton 

Blue 

No change 

Violet-red 

Diazo brown R extra, cotton 

Violet-black 

No change 

Fades to reddish 

Direct brown N, cotton (L) 

F. Dark re<^brown ^ 

S. — 


F. Dark browm . 

S. Red ; yellow on 
dilution 

Direct brown 000 (direct 
colour), cotton (L) 

F. Blue-black 

S. — 

F. Dark brown 

S. — 

F. Violet-black 

S. ~ 

Benzonitrol tTrowm 2R, cotton 

Violet 

Slight change 

Slight change 
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10 per cent. 
HydrocMoric Acid. 

Nitric Acid. 

Sp. gr. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

• 

Stannous Chloride and 
Hydrochloric Acid. 



F. Little change 

S. — 

F. Browner 

S. — 

^ Paler 


Darker 

F. Little change 
Faint orange 

F. Little change 

S. — 

Paler 

4 


Darker 

F. Little change 

S. Faij»t brown 

F. Little^ change 

S. — • 

Paler 


Little change 

F. Redder "J* 

S. Rose 

» 

F. Redcter 

S. — 

Paler 

... . 

Yellow-brown 

R. No change 

S. — 

F. Little change 

S. — 

Slowly decolorised 

No chaDge 

Brown-red 

Slight change 

Slight change 

Slowly decolorising . 

... 

F. Violet-black 

S. Pale violet 

F. Rather deeper 

S. — 

F. Dark red-brown 
S. Rose 

F. Red, tinged* with 
yellow 

s. ~ 

... 

Red-orange 

F. Little change 

S. ~ 

F. Darker and red- 
der 

S. - 

Nearly decolorised 

... 

Dark violet 

F. Redder 

S. — 

F. Crimson 

S. Crimson 

Decolorised 

... 

Red-violet 

F. Paler 

S. — 

F. Crimson 

S. — 

Decolorised 


... it. ' 

F. Little change 

F. Little change 

Decolorised 


Olive 

F. No change 

S. — 

F. Little change 

Decolorised . 


Brown 

F. No change 

S. — 

F. Little change 

S. — 

Decolorised 


Little change 

F. No change 

S, — 

F. No change 

S. — 

Decolorised 


Darker 

F. Little change 

S- Pale orange 

F. Little change 

S. — 

Paler 

... 

Dull violet 

F. Little change 

S. — 

F. Little change 

S. Rose 

Nearly decolorised 

... 

Sp. gr. 1 ’42 

F. Decolorised 

S. Pale red 


Fibre and solution 
red on warming 

Violet in the cold ; 
decolorised on 

warming 

No change 

Brown-red 

Darker 

Browner 

Colourless 

No change 

Dirty brown-red 

Slight change 

Slight change 

Rapidly becomes faint 
yellow 


F. Yellow-brown 

S. Yellow 



F. Flesh-coloured 

s. ~ 

F, Dark brown 

S. — 

F. Viofet-black 

S. — 

F. More tinged with 
red 

S. — 

F. Rather deeper 
and more tinged 
with red 

S. — 

F. At first dark 

brown, then red- 
dish orange 

s. — 

No change 

Brown-red 

Slight change 

Slight change ' 

Slowly becomes yellow 
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c 

Dyestuff. 

Concentrated Sulpliuric 
Acid. 

10 per cent. 

Sulphuric Acid. 

Concentrated 
Hydrochloric Acid. 

Benzonitrol dark b|own N, 
cotton 

Violet « 

f' 

Slight change 

Slight change 

Oxamine maroon, cotton 

Blue 

Slight change 

Blue 

Pluto brown R, cotton 

• 

Violet 

r No change 

Darker 

Thiazin brown G, cotton 

% Brown-red 

• ^ 

No change 

Brown 

Thiazin brown R, cotton 

Red ^ 

No change 

Brown 

Diphenyl brown, cotton 

Blue 

Redder 

. Violet 

Diamine nitrazol brown, 
cotton 

F. Dark red 

S. Dark carmine-red 

No change 

R'feddish 

Indanthren copper R (B) 

> 

Indanthren brown B (B) 

F. Little lighter 

S. Light red 

... 

F. Yellow 

S. Colourless 

F. No change 

S. Colourless 

... 

F. No change 

S. Colou;;less 

Thiocatechin I, cotton 

Browner 

No change 

Darker 

Thiocatechin S, cotton 

Brighter 

No change 

Slight change 

Sulphur catechu R, cotton (A) 

F. Little change 

S. — 

F. Rather darker 

S. — 

F. Rather darker 

S. Reddish 

Sulphur catechu G, cotton (A) 

F. Little change 

S. — 

F. Rather darker 

S. — 

F. Little change 

F. Very slightly 
reddish 

Immedial catechu 0, cotton 

(C) 

F, Yellow-brown 

S. — 


... 

^ Immedial Bordeaux G (C) 

F. Black 

Dull purple 


F. Paler and redder 
S. Colourless 

Immedial dark brown D (C) 

F. Little change 

S. Yellowish brown 

... 

No change 

Immedial prune S (C) 

F. Darker 

S. Greyish purple 

... 

F. Little redder 

S. Colourless 

Sulphur brown G, cotton 

F. Dark yellow-brown 

S. Slightly yellowish brown 

F. Unchanged 

S. — 

F. Yellowish brown 
S. — 

Sulphur brown 2G, cotton 

F. Yellow-brown 

S. Brownish 

F. Unchanged 

S. — 

F. Paler yellowish 
brown 

S. — 

Pyrogen brown D, cottj^n 

F. Black 

S. 

F. Rather darker 

S. — 

F. Darker 

S. — 

Pyrogen brown M, cotton 

F. Rather darker 

S. Brown 

F. Unchanged 

S. — 

F. Unchanged 

S. — 

Pyrrol brown G, cotton (L) 

If' 

F. Paler r* 

S. Light brown on dilution 

r 

F. Paler 

S. — 
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10 per cent. 
Hydrochloric Acid. 

Nitric Acid. 

Sp. gi*. 1-40. 

Ammonium Hydroxide. 
Sp. gr. 0-91. 

10 per cent. 
Sodium Hydroxide. 

« 

Stannous Chloride and 
Hydrochloric Acid. 

No change 

Brown - red ; fibre> 
rather lighter 

No change 

Slight change 

Slo^dy becomes yellow 

No change 

Violet 

No change 

Fades to reddish 

Colourless 

No change 

Brown-red 

<• Redder 

'Redder 

^ Colourless 

No change 

Brown-red 

Redder ; fades to 
yellow 

Redder^ 

Pale yellowish 

No change 

Brown-red 

Redder ; fad^s to 
yellow 

Redder 

Pale yellowish 

Redder 

Violet 

Darker * 

Browner 

Colourless 

No change' 

Brown 

• 

Reddish 

Reddish 

Light yellow 

... 

F. Yellow 

S. Light yellow 

... 

F. No change * 

S. Colourless 

F. Yellow 

S. Colourless ^ 

... 

F. No change 

S. Colourless 

... 

F. No change * 

S. Colourless 

F. No change 

S. Colourless 

No change 

Yellow-red 

Darker 

Dark brown 

Dirty brown ; darker 

No change 

Yellow 

Darker 

Rather fainter 

Almost colourless 

F. Unchanged 

S. -- 

F. Little change 

s. . -- 

F. Rather paler 

S. — 

F. Rather paler 

S. — 

F. Unchanged 

S. — 

F. Unchanged 

St 

F. Little change 

S — 

F. Rather paler 

S. — 

F. Rather paler 

S. — 

F. Rather paler 

S. — 

i 

F. Dark brown 

S. — ' 

... 

... 



'V, 

F. Dull orange 

S. Dull orange 


F. Yellowish 
brown * 

S. Colourless' 

F. Dull purple 

S. Colourless 

... 

F. Little change 

S. Dull yellow 

... 

No change 

Little change 

... 

F. Orange-brown 

S. Brown 

... 

F. Reddish brown* 
S. Colourless 

Lighter 

F, Unchanged , 
S. — 

F. Yellowish brown 
S. Slightly brown 

F. Unchanged 

S. — “ 

F. Unchanged 

S. — 

F. Pale yellow-brown 

S. — 

F. Unchanged 

S. — 

F. Yellow-brown 

S. Slightly yellow- 
ish 

F. Unchanged 

S. — 

F. Rather paler yel- 
low-brown 

S. — 

F. Light brown 

S. — 

F. Darker 

S. — 

F, Darker 

S. — 

F. Little change 

S. — 

F. Little change 

S. •— 

F. Little change 

F. Unchanged 

S. — 

F. Lighter brown 

S. Slightly yellow- 
ish 

i F. Unchanged 

S. Unchanged 

F. Unchanged 

F. Unchanged ; after 
some time rather 
paler 

S. ~ 

• 

F. Rather darker 

« 

Rather lighter 

F. Rather lighter 


S. — 

9 


S. — 

S. — ^ 




* With 5 per cent, NaOH, 
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A. Meienberg^ recommends the following reactions for the examina- 
tion of a few sulphur dyestuffs and of aniline black : — 



c 

Allialine 

Sodium Peroxide. 

r 

r 

Concentrated 
Sulphuric acid. 

§ 

s 

Q 

|c 

n 

Stannous Chloride 
and 

Hydrochloric acid. 

After the 
preceding test 
the washed fibre 
is warmed with 
dilute Ammonium 
Hydroxide. 

Immedial 
black V 

% 

r 

S. Nearly colourless 

F. Bluer 

S. Violet-black 

F. Easily soluble 

r 


F. Light brown ; after 
washing, violet- 
black 

S. Violet. 

Immedial 
black G 

S. Dirty green 

F. Bluer 

S. Blackish violet 

F. Easily soluble 

r 

F. Dark brown ; after 
washing, brown- 
black 

S. Nearly colour- 
’ less. 

If!lmedial 
black FF 

S. Nearly colourless 

F, Bluer 

S. Violet-black to 
bluish violet 

F. Easily soluble 

bfj 

F. Light brown ; after 
washing, violet- 
black 

S. Pale violet. 

Vidal black 
(old) 

S. Light green 

F. Green, much 
lighter 

S. Olive-black 

F. Sparingly soluble 

c 

In 

rt 

0 

F. Dark brown ; after 
washing, dark 

olive-yellow 

S. Nearly colour- 
less. 

St Denis 
black 

S. Light green 

F. Olive-green, nearly 
decolorised 

S. Olive-black 

F. Sparingly soluble 

'■O 

<u 

0 

4-> 

C /3 

V, 

F, Dark brown ; after 
washing, olive 

coloured 

S. Blackish blue. 

Half-wool 

black 

S. Dull greenish blue 
F.Light green, 
nearly decolor- 
ised 

S. Dull violet-black 
F. Sparingly soluble 

"o) 

h 

'H- 

S 

0 

0 

F, Light brown ; after 
washing, dark 

^ olive floured 

S. Blue. 

Catigen 

4 -^ black 

S. Nearly colaarless 

F. Unchanged 

S. Dull violet-black 
F. Sparinglysoluble 

w 

u 

3 

0 

Cl 

F. Light brown ; after 
washing, black 

S. Colourless. 

Sulphur 
black T 

S. Nearly colourless 

F. Unchanged 

S. Greenish black 

F. Sparingly soluble 

0) 

43 

C 

F, Light brown ; after 
washing, black 

S. Colourless. 

Sulphaniline 
black G 

S. Colourless 

F. Bluer 

S. Violet-black 

F. Easily soluble 

0 

1.4 

-w 

43 

F. Light brown ; after 
washing, violet- 
black 

S. Violet. 

Eclipse 

A - ~ Black B 

S. Pale bluish green 

F. Bilker and paler ^ 

S. Blue-black 

F. Sparinglysoluble 

< 

F. Light brown ; after 
washing, olive- 
black 

S. Blue. 

Clayton fast 
black BM 

S. Pale blackish 

F. Rather brighter 

S. Black 

F. Slightly soluble 


F. Dark brown ; after 
washing, dark 

brown 

S. Nearly colour- 
less. 

Aniline 
nlack ^ 

S. Pale brownish 

F. Browmish 

\ 

Brownish black 


F. Brownish black ; 
after washing, 

blackish purple 

S. Colourless. 


^ Soc, Dyers and Col^ 1901, 17, 61. 

® Cf, also Aniline Blacky by E. Nblting and A. Lehne, 1904, p, 159. 
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C. H. Whittaker^ gives the following instructions for the examina-' 
tion of black-dyed cotton. The black shades produced by substantive 
dyestuffs by direct dyeing, bleed freely when they are treated with 
boiling water. 

Logwood black can be very easily recognised by the fact that it is 
removed from the fibre by warming with dilute hydrochloric acid or 
sulphuric acid, whereby th« acid solution acquires an cyange-red to 
red colour whilst the cotton itself becomes purpje to reddish brown; 
an excess of sodium hydroxide makes the acid solution more violet. 

The black colours obtained by diazotising azo dyestuffs on the fibre 
and coupling with /3-naphthol or similaft' substances are destroyed com- 
pletely by boiling with sodiim hyposulphite ; aniline black and blacks 
derived from sulphur dyestuffs are only temporarily decolojisefLby this 
treatment, the original colour being restored on washing with water. 

The differentiation of aniline black, sulphur black, and sulphurr 
black topped with aniline black can be effected as follows : — 

A solution of calcium hypochlorite (sp. gr. 1 * 022 ) is heated to boiling 
and the samples under examination are placed in it. Aniline' black 
becomes nut-brown, a sulphur black topped with aniline black is turned 
yellow to light brown, whilst sulphur black itself is completely bleached. 

If the cotton is placed in concentrated sulphuric acid and, after the 
fibre has become carbonised, the solution is diluted somewhat with 
water, a pale green solution denotes the presence of aniline black and 
a colourless solutioij the 'J)resence of sulphur dyestuffs. 

In extension of the preceding, F. Neurath ^ remarks as follows 
concerning the reactions of black sulphur dyestuffi;, which should be 
tried unless the black has been ascertained to be produced by direct * 
dyeing with a substantive azo dyestuff. 

The dyed cotton is boiled with dilute sodium hydroxide. The 
formation of a greyish blue to steel-blue colour in the alkaline solution 
indicates the presence of a sulphur black. 

When the skein is plaited with white cotton and boiled with sodium 
sulphide, the white cotton becomes dyed. This property of bleeding by 
boiling with sodium sulphide is exhibited by all sulphur dyestuffs. In 
the case of most of the blue sulphur dyestufife, however* the dyestuff " 
is converted into its leuco compound ; if this is poured on filter-paper, 
the blue colour is restored after a short time. 

The Spectroscopic Examination of Dyestuffs. 

It is well known that when white light falls on a solution of a* 
dyestuff, one portion of the coloured rays constituting the white light 
is absorbed whilst another portion is transmitted. Also, the same rays 
are absorbed if the white light has been first resolved into its con- 

^ J, Soc, Dyers a 7 id Col.^ 1902, 18, 172. 2 1902^1, 579. 
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stituents by passage through a prism ; these rays are missing, therefore, 
in the spectrum, more or less sharply defined dark bands appearing in 
their place. The intensity and the breadth of the latter depend greatly 
on the concentration of the solution of the dyestuff and also on the 
thickness of the layer. 

The absorption manifests itself chiefly in the colour complementary 
to that of j;he dyestuff. For example, a* dilute solution of magenta 
shows a black band^n the yellow green, all other colours being trans- 
mitted or only slightly weakened. Im more concentrated solutions the 
band becomes broadened in the direction of the blue, so that this and 
finally also the violet are abso^*bed. The absorption bands_of many 
dyestuffs are sufficiently characteristic for their identification ^ after a 
little experience. Great experience is necessary, however, in order to 
be able to use the spectroscope successfully. To all intents and 
’purposes the spectroscope is only a more sensitive eye, and standards 
of comparison should always be utilised to prevent the occurrence at 
times of very serious errors. The pocket spectroscope, first constructed 
by John Browning of London, answers quite well for the spectroscopic 
examination of dyestuffs. The provision of a comparison prism for the 
same is highly desirable, since otherwise it is difficult to locate the. 
position of the absorption bands. 

The pocket spectroscope has the great advantage of direct vision. 
For greater convenience of manipulation H. Vogel has constructed a 
very practical stand. When the latter is not available, the spectroscope 
can be fixed in an ordinary burette clamp with the slit directed towards 
a window, and the^ liquids under examination are placed in test-tubes 
or, better, bottles with parallel walls held in front of the slit. The 
slit and lens are so adjusted that the Fraunhofer lines appear sharp 
and distinct in diffused daylight. The comparison prism is also 
arranged so that the field of view consists apparently of only one 
spectrum separated into two equal halves by a dark diagonal line. 

First of all, the positions of the most prominent Fraunhofer lines are 
located, since they are to a certain extent the scale for the absorption 
spectra. It is difficult to provide a separate scale in the pocket 
spectroscope^ and for €he present purpose it can be dispensed with. 
The most important Fraunhofer lines are denoted by the initial letters 
of the alphabet A, a, B, C, D, F, G, h, H' and H''. Of the chief lines, 
A and B occur in the red, C in the orange, D in the yellow, E in the 
^green, F in the blue, G in the indigo, and H in the violet. 

The line D in the yellow coincides with the sodium line, and is 
therefore a convenient guide in locating the other lines. The best 
plan is to observe the spectrum of ordinary daylight through the main 
prism^whilst the comparison prism is directed towards a sodium flame ; 
by this means^it is easy to locate the line lying to the left and the 
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right of the sodium line, especially with the help of the following table 
(Fig. 146, p. 1120), in which the positions of the absorption spectra of a 
few dyestuffs are denoted by curves in the most customary way. 

By their height and form the curves represent the intensity of the 
absorption and its gradua> diminution in either direction. 

The absorption is greatest at the positions where the curves attain 
their maximum height. ^ 

The table by no means meets present-day requirements'* and should 
be regarded only as an explanatory example.^'^ Formdnek^ has 
elaborated as the result of numerous observations a spectroscopic 
method for the estimation of dyestuffs on the following principle. 

The form of the absorption spectrum of the solution of the dyestuff 
and thereby the group, to which the dyestuff under examination Mongs, 
is first determined by means of a spectroscope of suitable^ dispersion,^ 
Formdnek distinguishes between the following forms : — 

1. A symmetrical band, as for example in Aniline Blue 2B, 
alcohol-soluble (A.) ; 

2. A band with a faint uniform shading towards the right (Malachite 
green or Patent Blue [M.]) ; 

3. A band with a faint shading right and left (Bordeaux extra 

[By.]); 

4. A band gradually disappearing to the right (as for example in 
Sky Blue [CM.]); 

5. A band gradually'^ disappearing to the left (as for example in 
Benzo Violet R [By.]) ; 

6. A strong band and a weak band on the right (as for example in 
Rhodamine or Methylene Blue) ; 

7. A strong band and a weak band on the left (as for example in 
Guinea Violet 4B [A,] or Nile Blue B [B.]) ; 

8. Two weak bands on both sides of a strong band (as for example 
in Phloxin B [S.] or New Blue R [By.]) ; 

9. Two contiguous equal bands (double bands) (as for example in 
Chromotrope 2R [M.]) ; 

10. Two unequal undulatory united bands (wavy bands) (as for 

example in Azo eosin [By.]) ; • • 

11. One strong band and several weak bands to the right or the 
left (as for example in Alizarin Green S [M.], Alizarin Garnet R 
paste [M.] in ethyl alcohol, or Janus Blue G [M.]) ; 

* 12. A partial absorption (as for eicamplep'in Naphthol yellow [M.]). 

^ Cf, M. Schiitze, Z, physiL Chem,^ 1892, 9, 109, and especially C. Grelj^, ihid.^ 1892, 10, 673,, 
on “The spectra of azo <!fyestuffs.’* 2 Unters. Nahr, u. Genussm,, 1899, 2, 260. 

® J. Formanek, “ Untersuchung und Nachweis organischer Farbstoffe auf spektroskopischem 
Wege,” 2nd ed., Berlin, Jnlius Springer, 1908 j Cf, also Z, Farb, Ind.^ 1902, I, 289, 329, 505,. 
660 ; 1903, 2, 9, 45, 72, 95, 319, 369. 
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Alizarin in alcohol. 


+ ammonia. 


,, alcohol -f potassium hydroxide. 
Purpurin in alcohol. 

,9 jj concentrated (dotted 

curve). 


+ potassium hydroxide. 


concentrated (dotted curve). 


Purpurinamide, 


Alizarinamide. 


Corallin in water. 


Rosolic acid. 


Eosin in alcohol. 

,9 concentrated (dotted curve). 

,, ,9 in amyl alcohol. 


Naphthalene red. 


concentrated (dotted curve). 


concentrated (dotted curve). 


Iodine green. 


Methylrosaniline picrate. 

31 „ concentrated (dotted 

curve). 

Aniline blue in water. 

JJ alcohol (dotted curve). 

Methyl violet. 


Pig. 146 . 
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Such are the types of absorption bands which are exhibited, as a > 
rule, by the simple dyestuffs. 

All dyestuffs are classified in groups and sub-groups according to 
the form of their absorption bands, thus : 

Green dyestuffs in 6 main groups Red dyestuffs in 6 main groups 

Blue „ 8 „ Yellow „ 5 >, 

By the application of a suitable measuring arrangeSient to the 
spectroscope, the position of the absorption bai^d pr bands is deter- 
mined, whereby the dyestuff is even characterised in many cases. 

If this is not so, the dilute solution of the dyestuff is divided into 
three portions; one portion is treated as directed with dilute nitric 
acid (i-: 5), another with amrnonium hydroxide (ammonium hy<^xide, 
sp. gr. 0-96 = 1:5), and the third with potassium hydro^xide (i : ro). 
The change of the colour and in the spectrum is noted. 

By means of these observations the dyestuff in question is identified 
by the help of tables compiled for this purpose, and for details of which 
reference must be made to Formanek’s publications. 

A large spectroscope (Zeiss, Kriiss, Gustav Meissner) is necessary 
for absolutely certain analyses ; for many technical analyses a pocket 
spectroscope provided with a scale of wave-lengths (Zeiss) is sufficient. 

Formanek uses the following reagents : — 

Nitric acid i : 5. 

Ammonium hydroxide, sp. gr., 0*96 = 1:5. 

Aqueous potassium hydroxide i : 10 (freshly prepared and colourless). 

Alcoholic potassium hydroxide i ; 10 (colourless). 

Acetic acid 1:5. 

Solution of alum i : 5. 

Solvents : water, 97 per cent, alcohol, amyl alcohol. 

Great experience is required to obtain accurate results by this 
method ; even then it is often difficult to avoid making mistakes. It 
Jails^utterly in^ cases of most yellow dyestuffs and many azo dyes7 
^ sjince either n o bands at all or only very ih(3ecisiye)(ohes‘ a 
^Iso the colour reactions of different dyestuffs often appear "qdite' 
identical or exhibit such slight differences in shade that they are only 
discernible by a well-trained eye. 

Individual dyestuffs, excluding the exceptions mentioned, can as a 
rule be identified with certainty. 

The behaviour of mixtures presents much greater difficulty. 

At Gnehm’s suggestion forty samples, ^ach consisting of a mixture 
of two dyestuffs, were examined spectroscopically; successful results 
were obtained only in isolated cases. 

When only small quantities, either in substance or in the form of 
dyed material, are available for examination, use must be made of 
this method, the only one which in these circumstances and in ex- 
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f^perienced hands can promise success, especially if it is possible to 
combine it with other reactions. 

In such cases the dyestuff for the examination must be extracted 
unchanged from the pieces of material. This can frequently be effected 
by 90 per cent, acetic acid or ethyl afcohol, or uy amyl alcohol, often also 
by colourless acetone, and in many cases by the successive use of several 
solvents. The solutions thus obtained arq. then submitted to spectro- 
scopic examination. 

Lehmann^ hat described a method by which mixtures are first 
separated by diffusion into jell}», the various parts of which may 
then be examined spectroscopi4:ally. 

Photoscopy, — By this term P. Heermann ^ denotes the process of 
systematically testing dyestuffs (in solution or on the fibre) by different 
sources of light, a process which has been placed on a scientific basis, 
* chiefly by the work of Paterson.^ 

It is based on the fact that many dyestuffs exhibit different shades in 
light from different sources, and depends on the one hand on the different 
compositions of lights from different sources, and on the other hand on the 
different absorption spectra of the dyestuffs. Those colours which 
show the same shade in daylight exhibit different shades in artificial 
light if their absorption spectra are different ; such a change of shade 
in artificial light is not observed if the absorption spectra and the other 
physical properties of the dyestuffs agree. The chemical constitution 
of the dyestuffs and the method of dyeings on t]^e fibre are of no 
importance and do not directly affect the photoscopic behaviour. 
Paterson arranges 'the different sources of light in groups which exert 
a similar influence on the shade of the colour. 

White diffuse daylight is taken as the normal light, and all changes 
of the shade are referred to this. Nearest to this come the magnesium 
light and the electric arc light (first group). Then follows the Welsbach 
or incandescent gas light (second group), and then in sequence, 
acetylene light, lime-light, oil lamp-light, ordinary gas light, incandescent 
electric light, and candle-light (third group). 

Examples of Change of Shade, — Magenta, safranine, benzopurpurine, 
and analogotis dyestuffe in the artificial lights of group three lose a 
great part of their bluish tinge since their colour approximates to 
scarlet red. Wool scarlet and other hydroxy azo-dyes tuffs of the same 
kind become lighter and appear orange, Erythrosin, rhodamine, and 
the other rose dyestuffs of this grou^) likewise change to orange. 

Methyl Orange, Orange G, and the other hydroxyazo orange brands 
become paler an(f yellower or even white. ^ 

^ Z, physik Chem.^ 19 ^ 7 } S 7 f 7 18. 

2 Koloristiscke und iextilckemische Untersuchungen^ 1 903, p- 82. (Springer, Berlin.) 

^ J 7 Soc, Dyers and CoL^ 1896, 12, 191 ; 1902, 18, 90. 
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Auramine, nitrazine yellow, tartrazine, and all citron yellows become ' 
distinctly paler. 

Chrysamin and other reddish yellows exhibit less change in 
artificial light than citron yellows. 

Acid green, brilliant ^reen, an3 other dyes with a yellow tinge 
retain only a rather stronger yellow tinge. 

Malachite green,* methyi green, Victoria green, and dther bluish 
greens appear still bluer in gas light. ^ 

Cyanine, methylene blue, patent blue, diamine ^y blue, and other 
greenish blues appear greener than iit daylight, and retain this tendency 
also in mixtures. • 

Alkali blue, night blue, Victoria blue, and other sky blues become 
darker, acquire a reddish tinge, and occasionally even appear slat^grey. 
A slight addition of citron yellow protects the blue to a certain extent 
against the disturbing effect of artificial light. 

Fast acid blue, azo acid blue, induline, bleu de Lyon, resorcin blue, 
and other reddish blues become redder. 

Composition blues of a blue-green and methyl violet appear redder 
than a blue of homogeneous composition. 

Basic violets, like azo acid violet, etc., suffer loss in their blue tinge 
and appear so much the redder, the redder the brand. The yellow rays 
of the artificial light unite with the blue constituents of the violet in 
producing grey, and therefore heighten the effect of the red constituents 
of the violet on tho^eye. • 

Pale violet becomes rose, dark violet becomes garnet red to 
bright red. 

Archil becomes decidedly redder. 

Also a Bordeaux, obtained with alizarin and a chromium mordant 
on wool, becomes distinctly redder. 

Alizarin red on wool with alum mordant becomes paler and 
yellower, turning to scarlet. 

AHzarin-iron-lilac acquires a reddish tinge. 

Fustic dyed on wool becomes redder. 

Patent-fustin hardly changes at all. 

Kamala-orange is also scarcely changed. 

Indigo-carmin and other indigo preparations lose their greenish 
tinge and become redder and dirtier. 

Dark indigo blue (vat blue) appears almost blue-black in artificial light. 

The method is not suitable for gefieral us^ : on the one hand, sufficient 
data, such as are given for example for spectroscopic examination in 
Formanek’s work, are lacking ; on the other hand, the expensive apparatus 
is not at all proportional to the importance of the results hoped for. 
In special cases, possibly, evidence might be obtained to support the 
results arrived at by other means in a more satisfactory jpanner. 

II 4 B 
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II, NATURALLY OCCURRING ORGANIC DYESTUFFS ^ 

I. .Blue Dyes 

Indigo. . 

Indigo is obtained from cultivated or (as in West. Africa, etc.) wild- 
growing indigo plants in East India, ‘•Coromandel, Java, China, Central 
and South America, Brazil, West" and North Africa, and many other 
localities. The most important varieties are Indigofera tinctoria, L 
sumatrana, 7. arrecta^ L anily I. dispermay and 7. argentea. Accounts 
of tfe^ cultivation of indigo plants and of the production -of indigo 
have been given by Kochlin-Schwartz,^ Depierre,^ and Rawson.^ 

The best kinds of commercial indigo are obtained from Bengal, 
Java, and Guatemala; in addition to these, indigos from Corornandel, 
Manilla, Madras, Senegal, Isle of France, Egypt, Caracas, Brazil, Cuba, 
Jamaica, Domingo, Louisiana, and Mexico are placed on the market 

Many years* experience is required to form an accurate or approxi- 
mately accurate estimate of the quality of these numerous kinds of 
indigo from their appearance. The lighter an indigo is, the bluer the 
colour and the less it is tinged with violet ; the more pronounced and 
the yellower the coppery lustre produced by rubbing, the better is the 
quality ; on the other hand, the higher the ?pecifk gravity, the more 
violet the colour ; the darker and the redder the copper lustre of the 
streak, so much the worse is the quality. When indigo is bought, the 
colour, the appearance, and the lustre of the fracture should be particu- 
larly noted. 

The fracture of a good indigo must be uniform and dull, and of a 
pure blue or violet-blue colour ; when rubbed with a smooth substance 
a pronounced, almost golden, metallic lustre should be produced. 

1. Asiatic Indigo. — {a) According to v. Cochenhausen, Bengal 
indigo of all qualities and colours is put on the market. 

The- following classification and characterisation of the chief kinds 
of indigo, originating from Girardin,^ are given unabridged on account- 
of the importance attributed to the testing and examination of indigos 
in the indigo trade. 

The best kinds, which consist of cubical or prismatic pieces, S to 8 
^ * 

Cpv, Cochenhausen, “Natural Dyestuffs still employed in Dyeing,” Z. angew, Chem., 1904, 
17, 874; Felsen, “De;; Indigo und seine Konkurrenten,” 1909. 

^ BulL Soc* Ind, MulhouUy 1857, 28, 307. r 

® Bull* Sqc* Ind* Roueuy 1876, 434 ; Dmgl. Polyt,J*^ 1877, 225, 601. 

* J* Soc* Byers and Col^ 1886, 2, 140; Chem* Ind*^ 1S87, 10, iio ; ZentralUatt fiir Textile 
indust^icy 1890, No. 3. 

® Legons de Chimje elementatrey vol. ii., 604. 
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cm. in length, and contain about 75 per cent, of indigo, have a splendid," 
dark blue colour, and are finely and uniformly grained ; they adhere to 
the tongue, can be easily powdered, and acquire a coppery lustre by 
friction with the finger. After these comes reddish violet ipdigo with 
a purple shade and a more uniform* and glistening fracture ; it is denser 
and harder than the preceding. The red colour depends on the presence 
of a larger quantity of re<i afid brown substances. Amang these are 
the kinds of indigo which give‘s the best results ixx the vat. The worst 
qualities of Bengal indigo, like those from other loJalities, have a pale 
blue colour tinged with grey or gr^en. Such a colour indicates the 
presence of a large amount of foreign? substances, which, however, are 
different from the indigo-biK)wn' characteristic of purple indigos, and 
are quite useless for dyeing purposes. An indigo of this quality Is hard 
and dense, adheres but slightly or not at all to the tongue, and does 
not acquire a coppery lustre by rubbing. 

(5) Coromandel or Oude Indigo resembles the intermediate grades 
of Bengal indigo, and is put on the market in lumps which are hard, 
heavy, and only slightly brittle. 

(c) Manilla Indigo is obtained from the Philippines, and consists of 
bright blue lumps which, however, do not give a full coppery streak. 
The poorer qualities are heavier, and are hard and show a dull blue 
fracture. Frequently it is contaminated with clay and chalk ; it is 
employed less for dyeing than for blueing. 

(d) Madras Indigo has a rough, granular fracture, and gives only a 
faint coppery streak ; it does not contain much dyestuff, is as light as 
Bengal indigo, and adheres only slightly to the tongue. The cubical 
pieces still retain the imprint of the support on which the indigo has 
been dried. 

(e) Java Indigo is characterised by the great purity of the dye- 
stuff, since it contains but only small quantities of foreign substances. 
The small content of dyestuff is due to the presence of clayey con- 
stituents. 

2. African Indigo. — (a) Egyptian indigo consists of large, light, 

dry, dark blue cubical lumps, which show a pronounced glistening 
streak and smooth fracture. • 

(d) Indigo from the Isle of France is brought on the market in 
small cubes which resemble Manilla indigo. 

(c) Senegalese Indigo, which seldom comes into the market, is very 
much more contaminated with earfhy ma?ter than the other kinds. 
Uncontaminated specimens are very valuable. ^ 

3, American ladigo. — (a) Guatemala Indigo consists of irregular 
pieces of different shapes and sizes. It resembles Bengal indigo in its 
properties; the better qualities are very frequently mixed vdth inferior 
grades, so that the estimation is very difficult. 
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{b) Caracas Indigo is generally equal to Guatemala Indigo, but is 
less highly valued. 

{c) Brazil Indigo is a worse kind, which has usually a deeper blue 
colour, is hard, rough, and lustreless. 

Constituents. — It is to be-^notecl that the' quality of an indigo and 
also its content of dyestuff depend less on its source than on the greater 
or less care e*xercised during its preparation. 

In addition to indjgo-blue, indigo contains indigo-brown, indigo-red, 
indigluten, and mifieral matter. 

A Bengal indigo of good quality contains approximately 


Indigo-blue 

6i-4 

Indigo-red 

7-2 

Indigo-brown 

4*6 

Indigluten 

1*5 

Mineral matter 

. 19-6 

Water 

5-7 


1 00-0 


The amount of indigo-blue (indigotin) varies (excluding very bad 
kinds such as occasionally come from West Africa, for example) 
between 20 and 90 per cent, and averages 40 to 50 per cent Indigo- 
red (indirubin) is soluble in alcohol, indigo-brown in alkalis. The latter 
is present in larger amounts in those kinds of indigo, in the preparation 
of which lime has been employed. In order to free the indigo-blue as 
much as possible from the other constituents of the irffligo, the indigluten 
is extracted by dilute acid, the indigo-brown by dilute sodium hydroxide, 
the indigo-red by boiling alcohol, in this order ; the indigo-blue and the 
insoluble portion of the mineral matter is thus left behind. 

An alternative method consists in extracting the indigo-blue and 
the indigo-red together by Rawson’s hydrosulphite-vat process (see 
below), and subsequently removing the red by boiling alcohol in an 
extraction-apparatus. 

Indigo-blue is more or less soluble in aniline, chloroform, glacial 
acetic acid (suggested by Lenz),^ benzene, nitrobenzene, toluene, phenol, 
^ creosote, anjiyl alcohol, acetone, stearic acid, paraffin, and high-boiling 
petroleum. All of these solutions do not show the same colour. For 
example, the solutions in chloroform and aniline are indigo-blue whilst 
that in paraffin (and also in fuming sulphuric acid) has the purplish red 
colour of indigo vapour, a behaviour which resembles to a certain extent 
^ that of iodine.^ Indigo-blue dissolves in hot concentrated potassium 
hydroxide with ?:n orange-yellow colour. 

The behaviour of indigo towards reducing agents such as hydro- 
sulphurous acid, glucose, zinc dust, stannous oxide, ferrous oxide (vat- 

^ 1 Z. anaL Chem,^ 1887, 26, 550 ; 1890, 29, 1 01. 

^ Nktzki, Chemie d. organische Farbstoff'e^ 5th edition, 1906, p. 333. 
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formation), and of the resulting indigo-white in the air, is a mattei#" 
of common knowledge. • 

Various Indigo Preparations (Indigotindisulphonic acid, Indigo- 
carmin, Indigo-purple, Indigo-violet) are obtained from indigo. Indigo- 
tinsulphonic acid is prepared by tfreati^ig finely powdered indigo with 
fuming sulphuric acid or with a mixture of the same with ordinary 
concentrated sulphftric aci4 until a drop of the liquid form^ a clear blue 
solution in water without leaving an insoluble residue. 

When a solution of the incjigotinsulphonic %cki (sp. gr. 1*162) is 
largely diluted with water and neutralised by a solution of sodium 
carbonate or precipitated by satur§.ted brine, sodium indigotindi- 
sulphonate, CiQHs02N2(S03J>Ia)2 (Indigo-carmin), is produced, which 
is insoluble in the sulphate mother liquor but dissolves in pu^e <fater. 
Three brands of indigo-carmin are recognised commercially, which 
have the following average composition ; ^ — 



Water. 

Indigo. 

Salts. 

Carmin I. . . . 

89 

4*96 

5*7 

„ II. . . . 

85 

10*02 

4*8 

„ III. . . . 

73-7 

12*04 

13*9 


To ascertain the quality of indigo-carmin it is sufficient, according 
to Mierzinski,^ to place a small quantity on unsized paper (filter paper). 
If the product is.^.impure a green ring is quickly formed round the 
sample. The ring is not produced, however, if the carmin has been 
well dried ; in this case the sample must be first moistened with boiling 
water in order to obtain a good result. A better method is to dye wool, ' 
mordanted with alum and tartar, with a definite amount of the carmin ; 
the whole of the blue dyestuff is thus fixed and separated, whilst the 
green is not affected and can be subsequently dyed on silk. The 
undesirable weathering of dried indigo-carmin can be prevented by the 
addition of 3, to at most, 4 per cent, of glycerol (calculated from the 
weight of the dry carmin). 

When one part of finely powdered indigo in the form of a paste is 
slowly covered with twenty times its weight of smlphuric aciS, the temper-*^ 
ature being kept low by external cooling (whereby a larger amount of 
indigotinmonosulphonic acid is produced), an intensely reddish violet 
product is obtained after the reaction has proceeded for about half an 
hour. A drop of the mixture is smeated on a watch-glass and 
examined against the light ; the colour furnishes suffidently trustworthy* 
evidence of a sucq^ssful result of the preparation. The mixture is now 
poured into a large quantify pf water, the simultaneously formed indigo- 

^ Girardin, Legons de Chimie iUmentaire^ vol. ii., 6i8, 2i6. 

^ Die Erd^ Mineral und Lackfar hen ^ 1881, p, 216, 
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^clisulphonic acid is removed by filtration, and the residue, after being 
washed with water, consists of pure indigo-purple. This can be 
employed as a satisfactory substitute for Archil, and produces a 
beautiful violet on unmordanted wool. 

Indigo-violet is obtained ^y a -^method similar to the preceding, 
except that the indigo is slightly warmed with the sulphuric acid instead 
of being kept cool ; also a smaller quantity of acid h used. 


CheiricS-physical Examination of Indigo. 

(a) Specific Gravity . — This furnishes some, but by no means con- 
clusive, evidence of the amount of dyestuff in the indigo. ^ In this 
coni?^tion G. Leuchs has compiled the following table : — 


Spec. Gray. 

Percentage of dyestuff. 

1*324 

56 to 56*5 

1*332 

55 

1*343 

54*5 

1*350 

53 

1-372 

49*5 to 52 

1*371 

49 

1*351 

47 

1*364 

46*5 

1*381 

44 

1*384 

43 

1*412 

40 

1*432 

39 . 

1*437 

37 

1*455 

30*5 


The values quoted, it is well to note, are the mean of a series of 
determinations. 

(^) Moisture.-^-An indigo of good quality loses 3 to 7 per cent, of its 
weight by drying at 100°. 

(c) Ask . — One gram of the dried indigo is incinerated in a platinum 
crucible. The percentage of ash in indigo varies very greatly, but the 
presence of more than 10 per cent, denotes adulteration with mineral 
.matters (chaj,k, lime, sand, powdered slate, graphite, etc.). These are 
detected by stirring a portion of the finely powdered indigo in water in a 
large tumbler, and examining any sediment by the usual methods. Good 
indigo should float on water and can be distributed throughout the 
liquid without forming an eg.rthy or sandy deposit 

(ci) Foreign Organic Impurities . — Powdered indigo should not form 
a sticky liquid by trituration with a little water (absence of gum or 
dextrin), and its solution in nitric acid should remain clear after the 
addition of potassium iodide (the formation of a blue colour denotes the 

1 J. prakt. Chem* 1871 [ii,], 4, 349. 
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presence of starch). Occasionally indigo is adulterated with logwood 
lake. According to Mierzkiski,^ very frequently powdered indigo of a 
good quality is placed in the seroons of poorer qualities, whereby the 
latter acquire a coating of the good product and consequently its 
external appearance. Instances are on record of the discovery of 
spurious indigo, consisting of dirt and’ indigo dust, in the seroons of 
Guatemala indigo. ♦ 

H. Quantin states ^ that in the case of a sample of indigo obtained 
from Calcutta oxalic acid had been added, the eCec| of which would be 
apparently to increase the percentage of indigo, estimated by the 
permanganate process, in the sample.^ 

Estiifiation of Indigo dj/ Dye-Trials , — The directions given by v. 
Cochefihausen ^ are as follows : — 

One gram of pure indigotin is converted by treatment with 20 to 25 g. 
of concentrated sulphuric acid into indigotinsulphonic acid, which is- 
dissolved in water, and the solution is diluted to i litre, i, 2, 3, 4, 5, 6, 

7, 8, 10, II, 12, 13, 14, IS, 16, 17, 18, 19, 20 c.c. of this solution are 

placed in 20 boiling-vessels, and 500 c.c. of water are added to each. In 
each of the 20 dye-baths a piece of woollen yarn or fine flannel, which 
weighs exactly S g- and has been carefully defatted in a solution of 
10 g. of ammonium carbonate in i litre of water at 30'^ to 40°, and 
subsequently washed, is dyed while the temperature of the bath is 
gradually raised to the boiling point. After three-quarters of an hour 
the pieces are temoved from the dye-baths, which are now almost 
completely decolorised, and, when cold, are washed with pure water, and 
are dried in the shade. These pieces form a colour-scale which remains 
unchanged for a long time if it is protected from light and air. ^ 

If now I g. of a good average sample of the indigo under examina- 
tion is converted into indigotinsulphonic acid, the product is dissolved 
in I litre of water, and 5 g. of woollen yarn or fine flannel are dyed in 
20 c.c. of the solution, it is easy, after a httle practice, to find with which 
standard of the colour-scale the washed and dried piece corresponds in 
colour. If, for example, the piece corresponds in colour with No. 13 ^ 
of the scale, 20 c.c. of the solution of the indigo under examination have 
the same dyeing- value as 13 c.c. of the solution prepared from pure-.-' 
indigotin; the indigo under examination contains,"' therefore, 65 per 
cent, of pure indigo-blue. 

Such a colour-scale, however, prepared by means of quantities of the 
dyestuff, which form an arithmetical progression, does not constitute 
what the dyer terms a ‘‘shading.” To secure a uniformly graduated 
scale the amount^ of the dyestuff employed in its preparation must form 

^ Die Erd- Mineral- und Lachfarhen^ 1 881, p. 200. 

2 Ann, Chim, Anal.^ 1902, 7, 256. 

® Muspratt’s Handbuch der technischen Chemie^ 3rd ed., vol. iii., p. 121, 
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a geometrical progression. A solution of indigotinsulphonic acid, 
‘'prepared from o-2 g. of indigotin, is diluted to i litre. A piece of 
woollen yarn, weighing 5 g., is dyed by 100 c.c. of this solution. The 
resulting colour-standard constitutes the deepest tone of the scale, and 
has been produced by 20 mg. of the dyestuff Next, 800 c.c. of the 
remaining solution of the dyestuff are diluted to i litre, and a second 
5-g. piece of yarn is dyed by 100 c,c. of the solution®; this second colour- 
standard hSs been dyed by only of the quantity of dyestuff 
employed in producing the darkest standard. Once again, 800 c.c. of the 
remaining solution are diluted to i ^itre, and a third standard is dyed by 
100 c.c. of this solution which contains 12*8 mg. (= of 16 mg.) of 
indigo. 

i^it is desired to ascertain which of the available kinds of imdigo is 
the most economical, cost being taken into account, the dye-trials are 
performed, not with equal weights of the dyestuffs, but with quantities 
corresponding with equal prices. Take for an example the four follow- 
ing kinds of indigo : — 



Price per lb. 

1. Bengal .... 

a. D. 

5 0 

2. Oude .... 

4 0 

8. Kurpah I. . . . 

3 0 

4. Kurpah 11. . . 

2 0 


• 


One gram of each is converted 'into indigotinsulphonic acid by means 
^ of concentrated sulphuric acid, and the solution of the product is diluted 
to I litre. If the price corresponds with the amount of indigo-blue, 
8 C.C. of the Bengal solution, 10 c.c. of the Oude, 13-3 c.c. of the Kurpah 
I., and 20 c.c. of the Kurpah II. should produce the same colour. If 
this is not the case, it is easily ascertained which of the samples is the 
most economical. 

J. Grossmann ^ submits the indigo to a purification by treatment with 
hot hydrochloric acid and sodium hydroxide, before it is converted into 
^ndigo-carmifie for the purpose of the dye-trials. 

B. W. Gerland^ converts the indigo by means of sulphuric acid 
-(sp. gr. 1-67) at 100°, first into the insoluble indigomonosulphonic acid, 
and then changes this into the soluble disulphonic acid by concentrated 
sulphuric acid at 100'^. If the solution of the latter is dark coloured," 
Tie recommends a^ purification of the indigo by hydrochloric acid and 
hydrogen peroxide before it is employed in the analysis. 

^ Osterr, WoUz.y 1897 ? 1076; Whcher^Ja/iresder., 1897, 630. 
r ^ Soc. Chm^ Ind,^ 1S96, 15, 15. 
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Colorimetyc Examination of Indigo. 

According to W. F. Koppeschaar,^ the methods of extracting indigo 
have changed in recent years in such a way that former processes of 
examination are no loi'ager applkable.^ Modern commercial products 
contain much more indigo-red (indirubin) (occasionally it exceeds loper 
cent) than formerly. Consequently it is necessary to estimate the red as 
well as the indigo-blue. He proposes the following process for this 
purpose. ^ • 

1. Estimation of the Blue in Indigos containing only a small quantity 
of Red, — Half a gram of the finely powdered and carefully sieved 
sample of indigo is digested in a flask, with occasional shaking, with 
25 c.c! of pure sulphuric acid for- six hours at a temperature"^ not 
exceeding 60°. The mixture is transferred to a 250 c.c.' measuring- 
flask, and, after being made up to volume, is filtered. 

Rejecting the first portion, 25 c.c. of the filtrate are mixed in a 
beaker with 75 c.c. of saturated sodium chloride, and the precipitated 
indigo-carmine is filtered, washed with saturated sodium chloride, and 
dissolved in boiling water in a 500 c.c. measuring-flask, which is sub- 
sequently filled to the mark. By means of Laurent’s colorimeter the 
indigo-blue in the solution can be compared very accurately with a 
solution of pure indigotin containing o-i g. per litre. 

2. Estimation of the Blue and the Red in Natural and in Synthetic 
Indigo, — The process de?pends on the facts that indigo-blue is insoluble 
in acetic acid, whilst indigo-red and indigo-brown are soluble, but are 
precipitated by- diluting or partly neutralising the solution. o* 5 
g. of the finely powdered average sample is heated in an Erlen-* 
meyer flask, 8 to 9 cm. in diameter, with 100 c.c. of glacial acetic 
acid for one hour at lOO*" on the water-bath, whereby the indigo-red 
passes into solution. Then the flask is placed in a sloping position 
such that the liquid is nearly overflowing ; when it is cold, the liquid 
is filtered as soon as all the insoluble matter has settled. The filter- 
funnel should have a diameter of 8 cm, ; the lower part of the neck is 
stopped with glass-wool, above which pumice stone, in pieces about as 
small as grains of sand, is placed to within i csa. of the c(?nical portion'"" 
of the funnel. Above this is arranged the actual filtering medium, a 
layer of ignited asbestos-wool, which is pressed down gently. During 
the filtration very great care must be taken that none of the undis- 
'solved indigo passes into the funneli The*whole of the solution of the 
indigo-red can be poured off with the exception of about 6 c.c., whicF 
can be neglected ;f the sample contains only a small 'percentage of the 
red ; if this is not so, a little glacial acetic acid is added to the residue 

^ Z anal Chem.^ 1899, 3 ^? ^ » Of- also P. T. Hazewinkel, “A New Indigo, its analysis, and 
that of Indigo pure (^B.A,S,F.')y Chem, Zeit.^ 1900, 24, 339. 
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m the flask, and the liquid is decanted from the insoluble matter as 
completely as possible into the funnel. Wh^en the filtration is finished, 
the glass-wool and the pumice are removed from the neck of the 
funnel, the asbestos is transferred by a glass rod from the unstopped 
funnel into" the flask, and the funnel is finally rinsed with 50 c.c. of pure 
sulphuric acid, the rinsings being allowed to run into the flask. By 
warming the^pontents of the flask at 70° fo^, two h< 5 urs, the indigo-blue 
is converted into the sulphonic acid, the solution of which is poured 
into a 250 c.c. mreaSuring-flask, an4 after cooling is made up to 
volume with water. Twenty-fiv^* c.c. of this solution are diluted 
to 500 c.c.; the amount of ii).digo-blue in the latter is estimated 
colorimetrically. The standard solution (a*i g. of indigotin per litre), 
usee? for the comparison, is prepared from pure indigo (B.A.S.F.), 
which is treated with glacial acetic acid at 100°, filtered, and dried. 

For the estimation of the indigo-red, the solution is used which has 
been obtained by the action of the glacial acetic acid on the sample of 
indigo ; S to 25 c.c. of the solution in a beaker are partly neutralised by 
sodium hydroxide (5 c.c. of the glacial acetic acid solution require 12 
c.c, of 20 per cent, sodium hydroxide), whereby the red is precipitated. 
The precipitate is collected, washed with 5 per cent, sodium hydroxide 
(to remove indigo-brown), dried, placed together with the filter in a 
50 c.c. measuring-flask, and shaken with glacial acetic acid ; the result- 
ing solution of indigo-red is estimated colorimetrically. The comparison- 
liquid is a solution containing 0-05 g. of indigo-'^ed per litre. The pure 
indigo-red is obtained by heating finely powdered Java indigo with 
glacial acetic acid, filtering off the insoluble blue, and precipitating the 
^ red by diluting the filtrate with water. The precipitate is collected and 
washed with sodium hydroxide to remove the brown. The resulting 
indigo-red is easily purified by sublimation under diminished pressure. 

When an indigo contains more than 10 per cent of red, the solution 
of the latter must be diluted with an equal volume of glacial acetic 
acid. When the percentage of red is very small, the comparison-liquid 
must be diluted in a corresponding manner. 

For the estimation of indigo-red in synthetic indigo, only o- 1 g, is 
*Tised ; other^J 5 ^ise, the process is exactly like the preceding except that 
the comparison-liquid is prepared with synthetic indigo-red. 

W. P. Bloxam and A. G. Perkin^ have recently devised a method 
for the quantitative estimation of indigo-red in indigo. The dyestuff, 
mixed with purified sand, is" introduced into a glass tube (25 X90 mm: 
’^approx.) closed at one end with calico, which is placed in a Soxhlet 
apparatus and tfie material extracted with pyridipe. The pyridine 
extract is evaporated finally with the addition of hot water, and the 
precipitate, which consists of indirubin and a little indigotin together 

r 

^ ^ Proc» Chem, Soc^y 1910, 26 , 168. 
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with impurities, is collected on asbestos, washed with dilute hydrochloric; 
acid to remove mineral matter, with i per cent, alkali to dissolve indigo- 
brown, and finally with i per cent, acetic acid solution. The crystalline 
residue is dried, sulphonated, and the solution of the mixed sulphonic 
acids analysed by mean^of the Daboscq colorimeter. 

The residual mixture of sand and crude indigotin is washed in the 
Soxhiet apparatus with hoj: lo per cent, sulphuric acid, wjiich removes 
indigo-gluten and some mineral matter, and with water until free from 
acid ; the residue is then dried and sulphonated ifi tjie ordinary manner, 
the product dissolved in water, the*^solution filtered, and titrated with 
permanganate or titanium trichloride. ^ The accuracy of the process has 
been determined by an examination of mixtures of pure indigotin and 
indirubin, and the reliability of the colorimetric work, in respect of the 
amount of colouring matter present, by means of titanium chloride. 

For colorimetric processes, it is necessary, according to Brylinski,^ to 
employ a solution of a pure blue colour, that is, one containing exclu- 
sively the disulphonic acid. This is prepared as follows : — 

A mixture of i g. of indigo. 

„ 20 g. „ powdered glass. 

„ 20 cc. „ sulphuric acid (sp. gr. 1-84). 

„ 5 cc. ,, fuming sulphuric acid (25 per cent. SO3). 

is placed in a round-bottomed flask, which is closed and allowed to 
stand, with frequent shaking, for forty-eight hours at the ordinary 
temperature. > • 

The indigo can be sulphonated more rapidly (in six hours) by 
heating to loo'" 

A mixture of l g. of indigo. 

„ 20 g. „ powdered glass. 

„ 25 cc. „ sulphuric acid (sp. gr. 1*84). 

This method yields solely a sulphonic acid which dissolves in water 
with a blue colour. 

Such a solution is also advantageous in titrimetric methods, because 
the violet tinge, exhibited by aqueous solutions of the tri- and tetra- 
sulphonic acids, diminishes the sharpness of the colour change. 

Quantitative Estimation of Indigotin/ 

I. Ulzer’s Method.^ — One gram of the finely powdered indigo is 
'treated with 50 c.c. of aqueous 5, per oent. sodium hydroxide and 
10 c.c. of hydrogen peroxide, and the mixture is heated to boil- 
ing for ten minutes. After cooling, the mixture is diluted with 
water to twice its volume, and is filtered through a dry, tared filter 

^ Bull, Soc, Ind, Mulhouse^ 1897, 67, 332. 

2 Mitt techn,-Gew, Museums^ 1892, 214. 
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4)aper, lo to 12 cm. in diameter. If the first portion of the filtrate is 
turbid, it can usually be clarified by passing^ it once again through the 
filter. The precipitate is washed successively with warm water, dilute 
hydrochloric acid (i : 10), water, and boiling alcohol, and is weighed 
after being dried at 100°. The ^washing with alcohol is continued until 
the filtrate is no longer brown dr red, but has a light blue colour. The 
dried indigo^n is ignited and the slight ampunt of fesidual ash is taken 
into account in calculating the percentage. 

E. Stolba^ useft similar process.^ He extracts with hydrochloric 
acid, washes with ammonium hyd/oxide and then with alcohol, weighs, 
and ignites. 

Voeller^ estimates, by the Kjeldahl method, the nitroge’n in the 
chemically purified indigo, and multiplies the result by 9-36 to. ascertain 
the amount of indigo blue. 

In spite of the good results obtained by Tennant^ and by Lee,^ 
methods of estimating indigotin by sublimation cannot be recom- 
mended on account of their uncertainty. 

The extraction method is based on the treatment of a weighed 
sample of the indigo with a suitable solvent, and the weighing of the 
indigotin obtained by crystallisation from the resulting solution. 

Honig® extracts the indigo, mixed with powdered pumice, with 
aniline or nitrobenzene in a special extraction apparatus. The 
indigotin separates in crystals almost completely from the solution; 
after diluting the concentrated solution with" five t^ six volumes of 
alcohol, the indigotin is collected and weighed. In calculating the 
percentage, a correction must be applied for the solubility of the 
indigotin in the solvent. 

J. Schneider® extracts the dyestuff from the sample under 
examination by boiling naphthalene, which is subsequently separated 
from the indigotin by ether. 

Brandt ^ uses aniline instead of naphthalene in Schneider's process, 
since naphthalene very easily crystallises out during the filtration of 
an ethereal solution of naphthalene, and a large quantity of ether is 
required for washing. In a Soxhlet apparatus, 0*2 g. of indigo is 
"Extracted with aniline for a half to one hour. The solution is allowed 
to cool, whereby the indigotin crystallises out. After the addition of 
water and hydrochloric acid to dissolve the whole of the aniline, the 
mixture is filtered through a tared filter ; the indigotin is washed with 
hot water until the filtrate^ is free from chloride, and finally with 

^ Fdr 5 er-Zefty 1894-95, 6, no. 2 angew» Chem.^ 1891, 4, no. 

Amer, Ckem. Soc,^ 1884, 6, 185 ; CAem. Ind,^ 1884, 7, 297. 

^ Chem, News^ 1884, 50, 49. ® Z. angew, Chem,^ 1889, 2, 280. 

® Z, anaL Chem.^ 1895, 34, 347 ; Clauser, Osterr. Chem, Zeit.^ 1899, 2, 521. 

'' ’ Rev, intern, Falsific.^ 1897, lo, 130. 
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alcohol, which dissolves at the most only 0-5 per cent, of the total# 
quantity of indigotin. * 

According to A. Brylinski,^ the estimation of indigotin, by means of 
boiling aniline, is affected by two sources of error. In the first place, a 
portion of the indigotin^ decomfDosec^ (even to the extent of 30 to 40 
per cent.) during the prolonged action (three to four hours) of the 
aniline; secondly, indigotin^crystallises from aniline with^bout 10 per 
cent, of molecul^rly combined solvent. Since Brandt only boils the 
material for half an hour, the twjp errors approxiSiaiely counterbalance 
one another in his process, and the fi4ial result is sufficiently accurate. 

B. W. Gerland’s method^ dependis on the use of the vapour of 
nitrobenzene. • 

He has designed a special form of extraction ^pparatus^by which^the 
extraction and crystallisation of the indigotin can be effected in half an 
hour. The indigotin separates from the cold solution in slender crystals. 
Only^a small fraction thereof remains in the solution, and this source of 
error is rectified by Gerland by the use of nitrobenzene previously 
saturated with indigotin in the cold. 

The crystals of indigotin still contain 3 to 6 per cent, of impurities, 
which are removed before weighing by treatment with hydrochloric acid 
or, better, with hydrochloric acid and hydrogen peroxide. 

Gerland states that the estimation is affected by an error of o- 1 to 
0-2 per cent, because indirubin is somewhat more easily soluble than 
indigotin in cold -nitrobenzene. 

According to Rawson,^ indirubin is not only somewhat, but is very 
much more easily soluble than indigotin in cold nicrobenzene ; conse- 
quently he considers that the error is greater than the above, 

A. Brylinski^ proposes glacial acetic acid as a solvent The 
principle of the method depends on the fact that glacial acetic acid, at 
the boiling point, can dissolve considerable quantities of indigotin, which 
is insoluble, however, in 20 to 30 per cent acetic acid at the ordinary 
temperature. The operation is performed in a Soxhlet apparatus, and 
suffers, of course, from the disadvantage of requiring a fairly long time. 
Cohobation for five hours is necessary for the exhaustive extraction of 
0-150 g. of indigo. When the extraction is complete, the ’glacial acetic 
acid solution is poured into a beaker and diluted with four times its 
weight of cold water. The precipitate is collected on a tared filter, 
washed with boiling water, with alcohol, and with ether, dried at no'", 
and weighed. • * 

A new process for the quantitative estimation of ifidigo in substance 
• 

^ Bull, Soc, Ind, Mulhouse^ 1898, 68, 33. 

Soc, Chem, Ind,^ 1896, 15, 15. 

®y. Soc, Dyers and Col^ 1896, 12, 83. 

^ Bull Soc, Ind. Mulhouse^ 1898, 68, 37 ; Rev, Geji. Mat. Col^ 2, 52. 
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cand on the fibre described by R. Mohlau and M. R. Zimmermann ^ is 
as follows : — 

The indigo is powdered and passed through a silk-sieve, No. 10-16 ; 
o-i g. is then weighed into a glass bottle of 100 c.c. capacity containing 
a few Bohemian garnets, and i^ covered with 50 c.c. of a mixture of 
100 C.C. of glacial acetic acid and 4 c.c. of concentrated sulphuric acid ; 
the whole is farmed for fifteen minutes oi> a vigomusly boiling water 
bath, and is occasionally rotated. The solution is filtered through a 
toughened paper-filtd*, 10 c.c. in diameter, moistened with acetic- 
sulphuric acid or through a Neuba|,ier platinum crucible into a 300 c.c. 
beaker. The bottle and the filter are rinsed and washed with warm 
acetic-sulphuric acid until the washings are colourless ; this * requires 
another 50 c.c. Yet sT third 50 c.c. of the acetic-sulphuric acid mixture 
is added to the filtrate, which is then heated to 70° and treated with 
* 100 C.C. of boiling hot water while it is being vigorously stirred with a 
glass rod. At first the' water is added drop by drop, but as soon as the 
indigo blue begins to separate in crystals it is added in a thin stream. 
The mixture is allowed to cool spontaneously, and is then filtered 
through a weighed Neubauer platinum crucible or through a tared 
toughened filter-paper dried at 105°. The residue on the filter is 
washed first with 50 c.c. of hot dilute hydrochloric acid (i : 10), then 
with SO c.c. of hot water, and finally with 2 or 5 c.c. of cold 95 per cent, 
alcohol. The crucible on the filter-paper is dried at 105° for an hour 
and then weighed. • • 

The indigo-blue thus obtained still contains about 0-2 per cent, of 
ash which can be •estimated after ignition. The ash must be taken 
- into account when dealing with natural indigos, but can be neglected 
in the case of the synthetic product, because only one-third of its 
weight enters into the calculation (see below). 

In this form the method is exact for the estimation of indigo-blue in 
natural indigo. 

When dealing with the analysis of Synthetic Indigo it must be 
borne in mind that it may contain 3 to 10 per cent of red dyestuff, 
of which only 75 per cent remains in the solution when the blue is 
precipitated. The true •percentage of the indigo-blue is only ascer- 
tained, therefore, when the analytical operations are continually 
repeated on the precipitated indigo-blue until the filtrate is no longer 
red but colourless. 

The percentage of indtgo-blu® is accurately and more simply* 
determined by calculation. To the percentage of indigo-blue deter- 
mined by the preceding process is added the sum of the percentages 
of the moisture, ash, and organic foreign matter. The difference 
between the total and 100 corresponds with 75 per cent, of the 

^ 1 Z, Fart. Ind.^ 1903, 2 , 1S9, 
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red dyestuff The true percentage of indigo-blue is obtained, thereforca 
by subtracting one-third hf this difference from the percentage of 
indigo-blue determined analytically. 

The percentage of moisture is calculated from the loss of weight of 
o-S g. of indigo after two^ours’ drying at 105°. 

The percentage of ash is calculatea from the loss of weight, after 
ignition in a platinum crucible, of o*S g. of the indigo dried, at 105^ 

The weight .of insoluble organic foreign matter is conveniently 
ascertained in a Neubauer platigum crucible. Tha residue remaining 
in the crucible has only to be washt^d thoroughly with hot water, and 
the crucible to be dried at 105° for# one hour and weighed. This 
organic residue includes the ash; its correct percentage is obtained, 
therefore, only after ignition, etc. Grand mougiff^ maintains that this 
method is unsuitable in practice. 

Of the numerous processes involving reduction and oxidation, only 
a few will be mentioned which are either quite trustworthy or rapidly 
performed. A very complete collection and critical examination of the 
various processes for the estimation of indigo has been given by v. 
Cochenhausen.2 Also Rawson^ has very thoroughly investigated the 
various methods of estimating indigo. 

2. Reduction (Vat) Processes. — As a rule such processes give a too 
low percentage of dyestuff, consequent on the reduction of a portion of 
the indigo-white to compounds which do not regenerate indigo-blue 
on oxidation. All vat ^methods where alcohol (in which indirubin is 
soluble) is employed (as for example, Rau’s modification of Fritsche’s 
process^), share with Honig's extraction method the- disadvantage that 
the indigo-blue alone is estimated. However, reduction methods are * 
very well adapted — if the blue and the red are estimated together, or 
the latter, if desired, can be subsequently determined by extracting the 
weighed precipitate with alcohol in an extraction apparatus — for the 
examination of indigo which is also to be employed as a vat. 
Oxidation methods are preferable, on the other hand, when the 
indigo under examination is to be used for the preparation of indigo- 
carmin, etc. 

A rapid estimation is possible by Oweffs method.^ ®ne gram or 
the finely powdered indigo is weighed on a watch-glass, dried at lOo'", 
made into a very thin paste by trituration with water, and washed 
into a 250 c.c, measuring-flask. After the addition of 3 g. of zinc dust 
and 6 g. of sodium hydroxide the flftsk is filled slightly above the mark, 

# 

^ Z. Fard, hid.^ 1903, 2, 275. ^ 

Leipzige}' Monatsch^ f TexUlnd,^ 1888, 3, 406, 456, 506 ; cf, also the same author’s 
summary of the processes of estimating indigo in Muspratt’s Handhuch der Uchnische^i Chemie^ 
1889, vol. iii., pp. 153-162. 

3 Chem, News, 1885, 255 ; 1888, 57, 7, 19, 29, 34. 

^ Amer, Chem. Soc,, 1885, 7, 16. s 1389, ii, 178. 
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since the volume diminishes somewhat after one to two hours. The 
flask is shaken occasionally. The formation of reddish or brownish 
streaks in the yellow liquid is a sign that the reduction is proceeding 
too far (and therefore that the result will be decidedly too low). 
Frothing Occurs if too much zinc il present.^ When the reduction is 
complete 50 c.c. of the clear liquid are withdrawn and allowed to 
oxidise in the air for a quarter of an rhour. The liquid is then 
acidified with hydrochloric acid, and passed through a filter (dried at 
100° or counterpoised'^against another filter) ; the precipitate is washed 
carefully, dried at 100°, and weighed. The more recent modification 
of Rawson’s process ^ is usecR when indigo is to be estimated as 
accurately as possible by a vat method. For this purpose a solution 
of liyposulphite is retjuired. Zinc turnings are placed in a -bottle of 
about 100 c.c. capacity, and covered with a solution of sodium hydrogen 
sulphite, sp. gr. 1-30. The bottle is corked and kept for about one hour, 
at the end of which the odour of sulphur dioxide is not perceptible. 
The liquid is decanted into a bottle and thoroughly mixed with i litre 
of water in which about 10 g. of recently burnt lime are suspended. 
The clear liquid is withdrawn and kept beneath a layer of petroleum. 
One gram of the powdered indigo is then made into a thin paste with 
water and placed in a glass flask into which 500 to 600 c.c. of lime- 
water are introduced. The flask is closed by a four-holed rubber 
stopper. Two of the holes serve respectively for the entrance and exit 
of coal gas ; through the third passes a siphon"" provided with a pinch- 
cock, whilst the tube of a separating-funnel is fitted into the fourth. 
After the air in the flask has been displaced by coal gas, the liquid is 
» heated to about 80° and 100 to 150 c.c. of the sodium hyposulphite 
solution are run in from the separating-funnel; the mixture is kept 
nearly at the boiling point for half an hour, after which the solid 
matter is allowed to settle, 500 c.c. of the clear liquid are withdrawn, 
and the volume of the residual liquid is determined accurately. 

The 500 c.c. of liquid are placed in an Erlenmeyer flask and air 
is drawn through for twenty minutes, whereby the excess of hypo- 
sulphite is oxidised to sulphite and the indigo-white to indigo-blue. 
'TVfter the addition of hydrochloric acid to dissolve any calcium carbonate 
which may have been formed, the precipitate of indigotin and indirubin 
is collected on a tared filter (weighed after drying at 100'', or counter- 
poised against a second filter), carefully washed, dried, and weighed. 
Too high results are obtained when ferric salts are present in the 
"indigo solution reduced by the hyposulphite. The method gives very 
good results but requires special care. 

A similar method is recommended by M. Allhausse.^ 

^ CAem, News, 1888, 57, 7, 19, 29, 34. 

2 Z, an^ew Chem,, 1898, ii, 288. 
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Brylinski ^ proposes first to sulphonate the indigo under examinatioil 
and then to titrate the Solution of indigo-carmin with a standard 
hyposulphite solution. The details of his method are as follows. 
Commercial sodium hydrogen sulphite is diluted until its specific gravity 
is 1-25 ; 100 c.c. of the Elution are shaken for five minutes with 20 g. 
of zinc dust in a flask, diluted to i litre, neutralised by lime, and filtered 
quickly. For actual use the solution is diluted five times. = 

The apparatus (Fig. 147) consists of a bottle with three tubulures. 
Through the first passes a separating funnel, 
through the second a glass tube which is con- 
nected to the burette by rubber tubing> provided 
with a pinch-cock ; the third tubulure is fitted 
with a two-holed rubber stopper through which 
pass the tube by which gas enters and circulates 
in the bottle and the tube for the exit of the 
gas which is burnt in any suitable burner. 

A definite quantity of the indigo-carmin 
is placed in the apparatus and is reduced by 
the addition, drop by drop, of the necessary 
amount of hyposulphite solution. Then a 
measured quantity of the standard indigo solu- 
tion is run into the bottle from the separating 
funnel and the amount of hyposulphite is 
determined, which is required for its reduction. 

For example, if 

25 C.C. of indigo pure^ require io*i cc. of hyposulphite, 
and 25 c.c. of commercial indigo ^ require 4-7 c.c. of hyposulphite, 

then the commercial product contains 47* per cent of the standard 
indigo (type). 

This method has two disadvantages, namely, working in a current 
of gas, and the great instability of the hyposulphite solution, which very 
rapidly alters its titre in the air. 

G. Engel ^ has also elaborated a volumetric process. The indigo is 
converted into indigo-carmin, which is then^ titrated with standar<i- 
vanadyl sulphate, 

A solution of vanadyl sulphate absorbs atmospheric oxygen, and 
also rapidly changes its titre by keeping in an incompletely filled, even 
though stoppered, bottle. The titre changes considerably even whilst 
the solution is being poured from tlie bottle into the burette. In order 
to avoid these difficulties the estimation is performeti in a current of 
carbon dioxide. * 



^ Bull Soc, Ind* Mulhousiy 1897, 67, 336. 

2 Two grams of the indigo per litre in the form of sulphonic acid. 

3 Bull Soc, Ind, Mulhousey 1897, 67, 337. ^ 
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" Preparation of the Vanadumi Solution . — Ten grams of ammonium 
vanadate are dissolved in lOO g. of sulphuric^cid of sp. gr. 1-84 by gentle 
warming, the red liquid is poured into 2 litres of water at 50 , 50 g. 
of zinc dust are added, and the mixture shaken until a persistent 
bluish violet colour is produced. The soluCion is then filtered and 
allowed to cool. 

A measured volume of the indigo solution is placed in an Erlen- 
meyer flask provided with a side tube. The flask is. closed by a two- 
holed cork ; through'^ one hole passes a narrow glass tube, which is 
connected to the burette by rubbe-*^ tubing provided with a pinch-cock ; 
into the other hole is fitted a bent glass tube, by which the entering 
ca]!^)on dioxide is led to the bottom of the flask. A Dupre burette is 
used (see Fig. 148). "" Although it appears complicated, the apparatus 
. is excellently adapted for such 
titrations. The burette is also 
filled with carbon dioxide, and 
as long as the current is con- 
tinued the titre of the van- 
adium solution remains the 
same. 

Details of the Titration . — 

First of all, a type solution is 
prepared with the purest ob- 
tainable indigo, and is titrated 
with potassium permanga- 
nate. As is well known, this 
method yields good results in 
the case of pure indigo. The 
solution of vanadyl sulphate 
is standardised with this in- 
digo solution. As a precau- 
tionary measure the carbon 
dioxide, before entering the 
apparatus, is passed through wash-bottles containing vanadyl sulphate, 
"Ivhich absorF>s any oxjTgen present. It is also advisable that all water 
used in the estimation should be boiled and allowed to cool in a current 
of carbon dioxide. 

With these precautions very good results are obtained. The error 
^caused by the possible presence df compounds of iron in the indigo 
solution (the presence of which is easily detected by ammonium 
hydroxide) is eliminated as follows. Vanadyl sulphate is rapidly 
oxidised in the air to vanadotis sulphate (green solution), which reduces 
ferric salts but not indigo. If a small excess of this green solution is 
added to a solution of indigosul phonic acid containing a little ferric 
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chloride, the same result is obtained in an actual titration as with an» 
equal quantity of the indfgo solution free from iron. Care must 
always be taken not to add too great an excess of the green solution, 
which has a prejudicial effect on the sensitiveness of the reaction. 

The following expedient can* also be adopted : — A weighed 
quantity of the indigo is treated with nitric acid and is calcined, 
and the iron in tlie ash ♦is estimated. Again the a(?tion of the 
vanadyl sulphate solution on the ferric salt is ascertained by titra- 
tion. The disturbing influence •of the iron in thft reaction can be 
calculated from these data. A. Wahgerin and D. Vorl^rrfer^ employ 
hyposulphite for the titration of indigo as follows : — 

Preparation of the pure fndigo. — The brand “ Indigo pure B.A.SF. 
in powder,” containing 98 per cent, of indigo, is refined by reduction. 
For this purpose one part of indigo is dissolved in 

12 parts of sodium hydroxide, sp. gr. 1-21, 

^ 30 „ concentrated hyposulphite, 

10 „ water, 

by digesting the mixture at 40° to 50° in an atmosphere of coal gas 
with occasional gentle shaking. When the indigo has dissolved the 
vat is filtered as rapidly as possible, and the indigo is precipitated with 
air from the clear yellow or greenish filtrate. 

The indigo is collected, according to its amount, on a toughened 
filter paper or on fine lipen, and is washed successively with hot water, 
hot dilute hydrochloric acid (i litre of water, 30 c.c. of pure, fuming 
hydrocRloric acid), water (until free from hydrochloric acid), and finally, 
repeatedly with alcohol and a little ether. The indigo is then dried at 
105° to 110° until its weight is constant. In this way 16 to 18 g. of 
pure indigo are obtained from 20 g. of the commercial product. It is 
assumed to be 100 per cent, indigo, and is used as the standard in the 
determination of the indigo solutions under investigation. 

Sulphonation of the Indigo, — One gram of the 100 per cent indigo, 
powdered as finely as possible, is covered in a small, dry flask with 
10 c.c. of 94 per cent sulphuric acid, and the mixture is heated 
with occasional shaking, for a half to one hour in a boiling*- water bath^ 
After cooling, the liquid is poured into a beaker containing lOO to 
180 c.c. of water ; the blue solution is passed through a toughened filter- 
paper (the object of filtering is to ensure that no particles of indigo 
have escaped sulphonation), which is theji well washed with warm 
water ; when quite cold, the solution is diluted to r litre. 

Preparation of the Hyposulphite Solution, — Half a Ktre of bisulphite 
solution, sp. gr. to 1*39, is saturated with sulphur dioxide, and 
diluted with 750 c.c. of water. Into the solution, cooled externally by 

^ Z, Farb, Ind,^ 1902, I, 281. Cp also the pamphlet on Indigo of the B,A,S,F.^ igot), 26 ; 
BInz and Kupperath, Farber^Zeit,^ 1903? I4i 225. 
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^ice, is introduced slowly a paste of 35 g. of zinc dust and 250 c.c, of 
water, the mixture being gently rotated anS a current of coal gas being 
passed through the apparatus during the addition. After being kept 
for one to^two hours, the clear solution is drawn off into a 2-litre flask 
containing 200 c.c. of 25 per <^ent milk of liSie, and the mixture, after 
being thoroughly shaken once, is allowed to rem^ain overnight in an 
atmosphere^ of coal gas. The clear liquid is then decanted from the 
deposit and is treated with a few c.c. of potassium hydroxide (5 to 7-5 
ex. of a solution, s|). gr. 1-383) until the solution is distinctly alkaline. 

The approximate strength ex the hyposulphite solution is next 
determined by allowing it toi^ fall, drop by drop, from a graduated 
siphon into 50 c,c. of o-i per cent, indigo solution in a sm^,!! flask 
until the latter is decolorised ; 50 c.c. of o- 1 per cent, indigo solution 
r require 1-5 to 2 c.c. of hyposulphite prepared under the preceding 
conditions. 

As a rule, it is advisable to use a hyposulphite solution, of, which 
30 to 40 c.c. are required for the titration of iooc.c. ofo-i percent, 
indigo solution (factor, 002 to 0-03). 

The hyposulphite solution retains its titre during the morning 
or the afternoon, provided it is covered with a layer of benzene, is 
kept in an atmosphere of coal gas, and is made alkaline, as directed 
above. 

Trustworthy and concordant results are ^obtained in the titration 
only when the ratio of indigo to water remains the'^same. For every 
addition of water a corresponding correction, proportional"^ to the 
quantity of atmospheric oxygen introduced with the water, must be 
applied. To ascertain the correction accurately, 50 c.c. of o-i per cent, 
indigo solution are titrated alone, and also in the presence of various 
measured quantities of distilled water. 

Example : 


50 c.c. of the indigo-solution. 

I. 

ir. 

III. 

IV. 

V. 

VI. 

VII. 

c.c. of Hypo- 
sulphite solution. 

Difference 

between 

I. and II. 

Difference 
calculated 
for 50 c.c. 
of water. 

Average 
correction 
for the 
water added. 

Corrected 
values 
(difference 
between 
lY. and V.). 

Difference 

between 

I. and VI. 

Undiluted .... 

Il6'20| 

... 








Diluted with 50 c.c, of water , 


17"3 

1-10 

1-10 

1-10 


16-20 


o-ob 

» 100 


18-38 

2-18 

1-09 

2-20 


16-18 


-0-02 

)) 150 , 

... 

19-60 

3-40 

1-13 

3-30 


16-30 


+ 0-10 

51 200 „ 

... 

20-50 

4-30 

1-07 

A -40 


16-10 


-0*10 

» 250 

i 

... 

21-75 

5-55 

1-11 

5-50 



16-25 


+ 0-05 


In this case the correction for the atmospheric oxygen in watet 
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amounts to 2-20c.c/of the hyposulphite solution for every lOO c.c. of^ 
water. • 

Moreover, in calculating the factor of the hyposulphite solution a 
correction must be applied for the atmospheric oxygen in the water in 
which the indigo has be^n dissolVbd. Account need not be taken of 
the sulphuric acid used in dissolving' the indigo. The correction, 
therefore, is the valife determined as above for distilled wat^r. 

The factor of the hyposulphite solution is calculated as follows : — 
One thousand c.c. of iV/i -hyposulphite represe^it #1 g.-equivalent of 
indigo, ie., 13 1 g. Therefore, i g. o^ indigo is equivalent to 7-633 cc. 
of iV/ 1 -hyposulphite. • 

Suppose 50 c.c. of o-i per cent, standard indigo solution ( = 0-05 g. 
of indigo), require 16-20 c.c. of the prepared hyposulphite solution ; the 
corrected value, after subtracting i-io c.c. for the 50 c.c. of water in the 
indigo solution, is 16-20 — i-io = 15*10 c.c. 

The factor of the prepared hyposulphite solution is then calculated 
from the equation 

15. 10 : 0.05x7.633 - I :/ 

/ = 0.02527. 

The correction for the atmospheric oxygen in each 100 c.c. of o*i 
per cent, indigo solution is termed the water-value ; in the prese^nt 
example it amounts to 2*20 x 0-02527 = 0*0556 c.c. iV/i -hyposulphite. 

The numbers obtair^ed for the water-value agree upon the whole, 
but alwa3^s vary so much with the temperature of the water and the 
time iT^ has been kept that they cannot be regarded as constants 
corresponding with the solubility of air in water. The water-value ^ 
must be specially determined for each series of analyses. Wangerin 
and Vorlander give the following table of values obtained at the 
ordinary temperature, 17 — 20°: — 


Employed 
in the titration. 

i^/l-Hyposnlphite 

used. 

AVl-Uyposnlphite 
theoretically required. 

Water-value 
= correction expressed 
in c.c. of Njl solution. 

Correction 
per cent. 

0 

r 

0-8178 

>> 


r 

0-0545 

6-7 

u . 


0*8212 




• 0-0579 • 

7-1 ^ 

0 ,0 


0-2236 




0-0603 

7-3 



0-8189 




0-0556 

6-8 

M ^ 

— ' 0 


0-8237 




0-0604 

7-3 

0 w 

# bo CO ■< 


0-8234 


0*7633 


0*0601 

7-3 

% 0 


0-8246 




0-0613 

7*4 

* 12 s 


0-8172 


0 


0-0539 

6-6 



0*8176 




0-0543 

6-6 

bi)^ 


0-8122 




0-04^9 

6-0 

V 

0 

V 

0-^122 

J 


1 

0-0489 

6-0 


Analyses by means of the modified Hyposulphite Process.— 
paring the standard solution of 100 per cent, indigo and also the 
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solution of the indigo under examination, with ordinary distilled water, 
measured volumes of both solutions are ^titrated with hyposulphite. 
The water-value is determined by titrating a known volume of the 
standard indigo solution which has been diluted with a known volume 
of distilled water. The water must-be kept rmder the same conditions 
as the indigo solutions. 

For example, the following numbers jiave b6en obtained in the 
analyses of Bengal indigo 

One gram of "per cent, indigo in looo c.c. 

^ Hyposulphite. 

«-ioo c.c. require 31-60 c.c. 

100 c.c. + 100 c.c. of water 33*94 c.c. 

One gram of Bengal indigo per 1000 c.c. 

Hyposulphite. 

100 c.c. require 21-80 c.c. 


Therefore, the water-value for 100 c.c. of indigo solution is 33-94 — 31-60 
= 2-34 c.c. This has to be subtracted from the hyposulphite used ; 
therefore 

Hyposulphite. 

100 c.c. of o-i per cent, standard indigo solution require 29-26 c.c. 

100 c.c. „ o-i „ Bengal „ „ 19-46 c.c. 


The equation 


gives 


29.26 : o.i 

X 


19.46 : .Vr 
0.0665 


The Bengal indigo contains, therefore, 66-5 per cent of indigo. 

Knecht^ employs titanous chloride as reducing agent. One 
gram of the sample is sulphonated with 5 c.c. of concentrated sulphuric 
^ acid, the solution diluted to about 300 c.c. and poured into a 500 c.c. 

I graduated flask. Twelve grams of chalk are then added to the warmed 

J solution, and after evolution of carbon dioxide has ceased, the 

; _ contents are made up to 500 c.c. When the precipitate has settled 

j (twenty to thirty minutes), 50 c,o. of the clear solution are withdrawn 

jL ^nd transferred, along with 25 c.c. of a 20 per cent Rochelle salt 

i’ solution, to a conical flask, provided with an india-rubber stopper 

;| having three holes, one for the introduction of carbon dioxide, a second 

i| . for the e.scape of the gas, and the third for the tube attached to the 

|| burette containing the titanous chloride (i c.c. TiCIg = 0-001557 g. 

11 ^ ^Fe:ii2 Fe = 262 indigotin). The titanous chloride is run in until 

I the blue colour changes to yellow. In making the calculation an 
allowance must be made for the calcium sulphate ancT calcium carbonate. 
In the following examples this was determined experimentally, and the 

^ J, Soc, Dfers and CoLj 2iy 2^2. 
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actual amount of iildigo solution was found to be 499 c.c. instead of 
500 c.c. : — • 


Indigo. 

Percentage found. 

By f iClg. 

By KMn 04 
•(Rawson). 

j 

, OravimetricaDy 
(Muhlau and Zimmermairn). 

Bengal I . * . 

59-08 

59-14 

58*5 

n. . 

55*97 

56*00 

57*0 

Kurpah . 

85*32 


- 30-0 

Fig ; 

82*61 

1 

82-47 

1 

# ^3*5 


Both indigotin and indirubin are .reduced by titaifous chloride, so 
that witli artificial indigos# which may contain indirubin, the results 
are too low.^ • ‘ 

3. Oxidation Processes. — Mohr’s original permanganate process 
has been materially improved by Rawson,^ who seeks to remove as 
completely as possible, by precipitating and washing the indigotin- 
sulphonic acid by a solution of sodium chloride, the impurities in the 
indigo, which also reduce the permanganate, and consequently exert a 
prejudicial effect by causing the results to come out top high. 

One-half to one and a quarter of the finely powdered indigo is first 
mixed with an equal weight of powdered glass. The mixture is then 
introduced gradually and with constant stirring into 20 c.c. of concen- 
trated sulphuric acid, sp. gr. 1*845, mortar being rinsed with a 
little powdered- glass.'"' After heating for one hour at 90 — 95 the 
resultkig indigotinsulphonic acid is diluted to i litre and filtered, and 
50 C.C. of the filtrate are mixed with 50 c.c. of water-and 32 g. of sodium 
chloride in a small Erlenmeyer flask. The mixture is filtered after 
two hours, and the precipitate, after being thoroughly washed with a 
saturated solution of sodium chloride, is dissolved in hot water, i c.c. 
of sulphuric acid is added, and the solution is diluted to 300 c.c. and 
titrated with a solution of potassium permanganate containing o- 5 g. of 
the salt per litre. At first no change is appreciable in the deep blue 
colour, but slowly it alters through green to pale yellow. This (not th€^ 
formation of a red colour) constitutes the end-point, which is sharp 
and easily detected. A correction has still t® be applied for the slight 
solubility of sodium indigotinsulphonate in saturated sodium chloride 
solution, which amounts to o*ooo8 g., according to Rawson. It is 
essential that the titration should always be performed under as nearly 
as possible the same conditions# and, fti particular, with nearly the 
same quantities of actual dyestuff. Rawson states that this oxidation 
method gives th<« same results as his reduction process described above. 

^ For a discussion on this process, cf. Bloxamjy. Soc. Ckem. Ind,^ 1906, 25, 735 ; Bergtheil 
and Briggs, ihid.^ 729 ; Knecht,/. .She. Dyers and CoL^ 1906, 22, 330. 

3 Din^L 1854, 132, 363. 3 C/iem, News, 1885, 51, 255. 
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According to Rawson/ samples of Java indigo' give permanganate 
values by the preceding method which are higher than those corre- 
sponding with their dyeing strengths. This is due to a yellow 
dyestuff, the presence of which is best detected by covering a small 
portion oTthe powdefed indigo in a. basin with sodium hydroxide or 
ammonium hydroxide, whereby-^a deeply coloured solution is produced. 

In estimating the indigotin in such c^ses, a fveighed portion is 
heated with Silute ammonium hydroxide or, better, with alcohol, and is 
filtered through asbe^^tos; the residue on the filter is then dissolved 
in sulphuric acid, as in the usual process for the estimation of indigo. 
(Barium chloride is found to be^ a better precipitating agent than 
sodium chloride, as described in the process of 1885.) It should be 
no^d that the indirubin as well as the yellow dyestuff is dissolved by 
^ the alcohol of the ammonium hydroxide. 

Grossmann^ recommends the following modification of Rawson’s 
process. One gram of indigo is heated for an hour at 90° with 20 g. 
of sulphuric acid (sp. gr. 1-845), and l^he product is diluted to i" litre 
with water; 100 c.c. of the solution are carefully neutralised by pure, 
weighed calcium carbonate. The impurities are precipitated along with 
the calcium sulphate whilst indigotindisulphonic acid remains entirely in 
solution. The precipitate is allowed to settle, and one-half of the 
solution is filtered and titrated with potassium permanganate which 
has been previously standardised by pure indigo. 

Bergtheil and Briggs^ prefer to precipitate the -impurities with 
barium sulphate as follows : — ^ 

Half a gram of finely powdered indigo is placed in a small narrow- 
^necked stoppered bottle, and mixed with a few Bohemian garnets ; 20 c.c. 
of pure concentrated sulphuric acid are added, and the bottle, with its 
stopper removed, placed in a shallow water-bath containing just enough 
water to cover the depth of acid in the bottle. The bath is now 
brought to the boil, and when briskly boiling, the stopper is replaced 
in the bottle, which is shaken periodically for fifteen minutes. At 
--^the end of this time the bottle is removed from the water-bath, and 
allowed to remain in cold water with its stopper removed until the 
contents are /:ool. The^e are then transferred to a 500 c.c. flask in 
which 10 c.c. of a 20 per cent, barium chloride solution and sufficient 
sulphuric acid to precipitate all the barium has previously been placed, 
and the whole made up to volume, well shaken, and set aside for the 
precipitate to settle for one hour. An aliquot part of tlie supernatant 
liquid is then titrated with approximately iY/So-permanganate, and 
the result calculated on the basis that i c.c. of A/SQ-permanganate is 
equivalent to 0-0015 g. indigotin. 

1/. Soc , Chem , Ind ,^ 1899, 18, 251. 2 24, 308, 

*’ ^ * /W,, 1906, 25, 729. 
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E. Donath and R* Strasser ^ submit the indigo, before sulphonation,, 
to a special process of purification for the following reasons. 

The valuation of an indigo does not coincide with its content of 
indigotin, because in actual indigo-dyeing the intensity of the colour, 
the shade, is probably «affected by the presence of indigo-red and 
indigo-brown. Nevertheless, the dyeing ‘strength, Le. the efficiency of the 
indigo as a dyestuff,* is determined in the greatest degree by the amount 
of indigo-blue. The determination of this amount, therefore, is of 
prime importance in ascertaining^the quality of this indigo. 

One gram of the very finely poiydered indigo is '^ighed into a 
glass-stoppered weighing bottle, and i« mixed therein very intimately 
with four'times its bulk of thoroughly ignited pumice granules, about 
I mm. in diameter, by shaking and turning the bdttle. At, the bottom 
of a Soxhlet-Szombathy extraction apparatus a compact layer of , 
asbestos is so arranged that it effectively closes the opening of the 
siphon tube without projecting too far up the tube of the extraction 
apparatus, otherwise a stoppage may very easily occur during the later 
stages of the extraction. The layer of asbestos must extend a little 
above the highest point of the siphon tube. Above the asbestos is 
placed a thin layer of ground pumice, then the mixture of indigo and 
pumice, and above this the sand with which. the weighing bottle has 
been rinsed. The whole contents of the extraction tube are abq^t 
S cm. deep. The extraction tube is now connected below with a 
boiling-flask containing distilled water, and above with a Liebig's 
condeiiftftr, the end of the inner tube of which is widened somewhat 
into a funnel shape to facilitate the addition of liquids. The water in 
the flask is then boiled vigorously; if the water condenses in the 
extraction tube and collects above a certain height, a little dilute 
hydrochloric acid is poured in through the tube of the condenser. 
After, at most, fifteen minutes' boiling, or after the repeated addition of 
dilute hydrochloric acid, the glutinous matter is completely extracted 
and the degelatinised mass is thoroughly washed, by allowing hot water 
to flow into the extraction tube. The flask, which contains a hydro- 
chloric acid solution of the glutinous material, is removed, and the 
extraction tube is connected to a flask half-fi41ed with a^ mixture of 
four parts of alcohol and one part of ether. By placing the flask in a 
boiling-water bath, the indigo-red is extracted completely, the end of 
the extraction being recognised by the fact that the liquid siphoning 
from the extraction tube, originally intensely brownish red, becomes 
colourless or has at most a scarcely appreciable bluish colour. The 
apparatus is then disconnected and the extraction tube is placed in an 
ordinary drying oven, and freed completely from alcohol and ether at 
100 — iio^ Then the projecting end of the siphon tube is plugged 
1 angew, Chem,^ i894) 7) n? 47* 
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with asbestos, and sufficient concentrated sulphuric acid, about 30 c.c., 
is placed in the extraction tube to just ^over its contents, and the 
apparatus is suspended by copper wire in an air-bath. This air-bath 
(Fig. 149) consists of a copper cylinder (A), closed at the bottom, which 
is^^ supported Verticallyjon a tripod by means of 
a ring '"soldered on it, and can be heated from 
below by a gas flatne. A thermometer is sus- 
pended in the air-bath. After the apparatus 
has been maintained at 80° for one and a half 
or, at mosj?, two hours, it is safe to assume that 
the sulphonation of the indigotin is complete. 
The apparatus is withdrawn from the ''bath and 
allowed to cool, the asbestos plug ia removed 
from the lower end of the siphon tube, the 
apparatus is held over a litre flask and dis- 
tilled water is poured in at the top, whereby 
the solution of indigotinsulphonic acid "is re- 
moved and flows into the flask ; if the contents 
of the apparatus, especially the asbestos, cannot 
be completely freed from indigotinsulphonic 
acid by cold water, the contents are transferred 
into a porcelain basin and the last trace of the 
indigotinsulphonic acid is removed by boiling 
with water. The combined liquids in the litre"^ flask sre allowed to cool 
and the flask is then filled to the mark with distilled Two 

estimations are performed with the thoroughly mixed blue solution ; 
100 c.c. are diluted with 400 c.c. of water and titrated with potassium 
permanganate (of such a concentration that i c.c. represents 0-0099139 g. 
of indigotin) until the green colour has disappeared completely. 

The permanganate solution is best standardised by pure indigotin ; 
in order to work under as nearly as possible the same conditions, i g. of 
pure indigotin is taken, and the quantity of sulphuric acid and amounts 
of water used for dilution are the same as in the preceding estimation. 
The whole experiment requires about three hours. 

According to W. Holtschmidt,^ the permanganate process is affected 
by two sources of error. 

1. Sulphur dioxide is evolved during the sulphonation if the heating 
is too strong. 

2. The difficulty of defecating the end-point in the subsequent titration 
of the indigotinsj^lphonic acid solution with potassium permanganate. 

The first error is obviated by preventing anyr noticeable develop- 
ment of heat during the sulphonation and ‘also during the subsequent 
dilution with water. It is advisable not to sulphonate by warming with 
^ 1 Z angew .^ Chem ,^ 1899, 12 , 451, 475. 


Fig. 149 . 
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concentrated sulphuric acid, but to employ concentrated sulphuric aci^ 
containing 40 per cent, of ^phosphoric oxide, Avhereby the sulphonation 
is effected in a shorter time at the ordinary temperature. The process 
is as follows : — 

One-half or one grawn of the* finely^ polvd^red, undried indigo is 
weighed into a test tube about 7 cm. Idng and about 2 cm. in diameter, 
and is covered with? 10 c.c. gf the concentrated sulphuric acjd containing 
40 per cent, of phosphoric oxide; the mixture is welPstirred with a 
glass rod, placed in a desiccatoj^, and again stirce<^ from time to time. 
The sulphonation is complete after^ about two hours but in order to 
ensure that the whole of the indigo has been coiwerted into the 
disulphcfnic acid, the test tube may be kept overnight in the desiccator. 
The sulphonated mass is then poured through^a funnel into a 500 c.c. 
or I litre flask, and after rinsing the test tube with cold water, the^ 
solution is diluted nearly to the mark and is made up exactly to 
volume when it is quite cold. The solution is rapidly filtered through 
a large double filter paper, and 25 c.c. of the filtrate are diluted with 
100 to 125 c.c. of water in a large porcelain basin and titrated with 
iV/ioo-potassium permanganate. % 

(The solutions should be titrated soon after they are prepared, since 
they become weaker by several units per cent, by keeping, for example, 
in a few weeks.) , 

The best way to avoid the second source of error is to titrate, not 
by the colour, but by"^ the turbidity, because otherwise with certain 
kindtoi^ indigo an accurate determination of the end-point cannot be 
obtained with certainty. The permanganate solution is added drop by 
drop (about 120 to 130 drops per minute) until the liquid has only a faint* 
green colour, whilst a dark turbidity appears when the liquid is stirred 
after the addition of the last drop of permanganate. The permanganate 
is now added, two or, still better, four drops at a time, the liquid being 
stirred gently once so that the turbidity is not disturbed, and attention 
is directed to the latter. When this has disappeared completely, the 
amount of permanganate used is read off and o-i or 0-2 c.c. (according 
as the permanganate has been added two or four drops at a time) is 
subtracted from the amount. If the permanganate Is added tf)0 
quickly, a considerable excess may be introduced. Moreover, the 
amount of water used is by no means immaterial ; if too much is 
present, the last appearance of the turbidity may easily be overlooked, 
'particularly in an unfavourable light. • 

4. Bloxam's Tetrasulphonate Method^—Pr^paratzon of Pure 

^ W. P. Bloxam, Chem, Soc,^ 1905, 87, 974 ; J, Soc. Che 7 n, Ind,^ 1906, 25, 735 ; I. Q. 
Orchardson, S. H. Wood, and W. P. Bloxam, ihid,^ 1907, 26, 4 ; R. Gaunt, F. Thomas, and 
W. P. Bloxam, ibid,., 1174 ; Bloxam, “Report to the Government of India on Research work on 
Indigo,’’ 1908 ; cf, also Bergtheil and Briggs,y. Soc, Ckem^ Ind,, 1907, 26, 182 ; Rawsoi^y. Soc, 
Dyet's and CoL, 1906, 22, 306. 
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/ndigotin , — This is necessary in order to serve as a standard. Dry 
and finely powdered crude indigo is placed in a long-necked Jena 
flask connected with a J water-pump, a catch-bottle being inserted 
between the flask and the pump. The pressure is reduced as far 
as possible, and the %aJk is lowered into a bath of fusible metal 
previously heated to 420°., A square of asbestos cardboard is so 
arranged th^t the portion of the flask between the level of 
the fusible metal and the asbestos cardboard is raised to such a 
temperature that ojJil/indigotin vapour is there present, and that this 
zone of the remains quite cle^n at the close of the operation, the 
sublimate being deposited in ther. upper portion of the flask above the 
asl^estos card. In this way a yield of 60 pei^ cent, can be obtained. 

^ Method qf A^ialysts . — The indigotin is dried at 110°, and after 
^cooling in a desiccator, r g. is weighed out into a small (i oz.) 
spouted beaker. To the indigotin is added 2 to 3 g. of purified sand, 
and 5 c.c. of fuming sulphuric acid (20 per cent. SO3) is run in from a 
burette. After well stirring with a short glass rod, the beaker is 
covered with a watch-glass and heated in the water-oven for twenty 
minutes (crude indigos are sulphonated with 25 per cent, fuming acid 
for thirty-five minutes), stirring being repeated at intervals. After 
cooling, the sulphonic acid is poured into a 500 c.c. flask containing 
some water, and finally the beaker, stirring rod, and sand are repeatedly 
washed with water ; when cold, the solution is made up to the mark with 
water (when 500 c.c. = i g. of indigotin + S c.c. luming'^sulphuric acid). 

The following solutions are necessary : — * 

{a) The precipifant^ a filtered solution of potassium acetate, 450 g. 
^per litre. 

{h) The isotonic^ prepared by adding 5 c.c, of glacial acetic acid to 
200 c.c, of the precipitant, and then to 4 c.c. with water. 

The analysis is carried out as follows : — One hundred c.c. of the 
indigotin solution (of 1/500 concentration) is delivered by a pipette 
^into a fairly capacious conical spouted beaker. To this is now added 
'from a burette (provided with a constant supply of the precipitant 
solution) 80 c.c. of the precipitant. Precipitation is observed when 
tSe solution^ are well agitated in the conical beaker. The beaker 
and its contents are now well warmed until complete solution is 
attained. Cooling is now effected in a stream of running water, and 
when the contents of the flask are water-cold, the beaker is 
transferred to a vessel containing ioe and water. Here the beaker is" 
left for one hour, enuring which time the tetrasulphonate settles out as 
a fine-grained crystalline precipitate, which will filter#* well. Meanwhile, 
the isotonic solution is placed in a spouted conical beaker and cooled 
by immersion in ice and water. The whole is filtered by suction 
through a Goocj;i crucible, the paper in which is set by a small quantity 
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of the cooled isotonic solution. With 'good manipulation the operatic^ 
is complete in a few minutes. In the case of indigotin a carefully 
performed analysis will yield a filtrate alm|st. colourless. The very 
pale blue colour can be imitated by diluting a solution of tetra- 
sulphonate of known mdigotin Value. IrJ ^is way th6 indigotin 
strength of the filtrate, when the process is working well, is estimated 
at one part of indigotin 41 three millions of -water, a Ipss which is 
entirely negligible. The Gooch crucible is now placed in a funnel 
which rests in the neck of a 200 ^c.c. flask. Witk t^e aid of hot water 
this is washed free from blue, and any precipitate whicl^dheres to the 
walls of the conical beaker is dissolved and added to*^^e main fluid, 
which on cooling is made .up to the mark. Portions of this soludon 
are used, for the estimation of indigotin : — • ^ 

(a) By 7 nea 7 is of Potassium P er 7 nangauate. — Twenty c.c. of the 
solution are transferred to a shallow porcelain dish and 80 c.c. of 
distilled water and 0-5 c.c. of pure concentrated sulphuric acid are 
added. This solution, which is not of a greater concentration than 
I in 5000, is titrated with the solution of potassium permanganate 
(i in 1000), until the addition of a drop produces no longer a cloud 
in the pure yellow liquid. Indigotin (100 per cent.) would require 
in these circumstances 9-0 c.c. of permanganate, and percentages 
are calculated from this standard. , 

if) By means of Titanium Trichloride. — In this case 25 c.c. of the 
solution of pocassium^ tetrasulphonate is used for each estimation. 
Thi9»»<©lume of solution is delivered into a conical Erlenmeyer flask 
of Jena glass of 300 c.c. capacity ; to it is added i-S^c. of a 20 peTcent 
solution of normal sodium tartrate, and the liquid is raised to boiling* 
point, and then titrated while hot with a current of carbon dioxide 
passing through the flask. 

For the estimation of indican in the leaf, Bloxam treats the aqueous 
extract with isatin, and weighs the indirubin formed. Five grams of 
dry leaf are placed in a dry glass filter funnel provided with a paper, 
the base of which is fitted with an india-rubber tube and clip. The cli^ 
is closed and the leaf is rapidly covered with boiling water and allowed 
to remain so immersed for about a minute ; "►the clip is then removed, 
and when the liquid has filtered through, the leaf is washed several 
times with water at 60°. 

To test whether extraction is complete, the last washings are 
* collected separately and treated with a little 4 per cent, sulphuric acid 
and 2 per cent, ammonium persulphate, and warmed^to 60°, when there 
should be no pr4)duction of blue if the extraction has been rightly 
carried out. As some specimens of leaf show a considerably higher 
content than 0-94 per cent, indigotin (on which proportion the process 
was established), a correspondingly larger volume of water is required 
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for complete extraction. It is advisable in such cases to make the 
extract up to i litre, anjti to withdraw pcfrtions for each estimation. 
The most suitable volum^'for estimation is 250 c.c., and the solution is 
best of such a strength^ that this volume yields approximately o-i g. of 
indirubin;"for this pu&ioLe o-r g. oT isatin ^id 15 to 20 c.c. of pure 
hydrochloric acid are required^ Air is expelled from the flask by 
means of a current of carbon dioxide, which is mamtained during the 
whole time of the experiment The mixture of isatin and plant extract 
is boiled for five to «ter: minutes, and tl^e acid is then run in slowly by 
means of a st^gpered funnel (time/of flow, five to seven minutes) ; the 
liquid meanwhile is boiled ve?"y gently, whilst the gas current is 
int^reased to guard against entrance of air ^to the flask. The 'mixture 
is boiled for twenty toThirty minutes, cooled in a current of cold water, 
^and the precipitate collected on a tared paper, washed very thoroughly 
with I per cent, sodium hydroxide solution at 70°, and then with 4 per 
cent, acetic acid, and dried in the water-oven till of constant weight. 

5* Bergtheil and Brigg’s Method.^ — For the estimation of indi- 
gotin in indigo-yielding plants, Bergtheil and Briggs use the following 
modification of Rawson’s ^ method. Twenty grams of leaf are extracted 
with boiling water, the extract cooled to 45 — 50'', and 5 c.c. of strong 
hydrochloric acid and 2 c.c. of a 5 per cent, solution of ammonium 
pe?:sulphate added. The solution is then allowed to remain for at least 
an hour, and a small portion then removed and filtered through the 
asbestos filter ultimately to be used for the filtration of the indigotin 
pre cipit ated. The filtrate is a clear yellow colour, but if th<i«t>lour 
becomes green on standing, the filtrate is returned to the main volume 
-and no further persulphate is added until a test portion shows the 
action of the first addition of 2 c.c. complete ; if the yellow colour 
of the filtrate is permanent, a few drops of persulphate solution are 
added to it, and if a green colour is then produced, the filtrate is 
returned to the main solution, together with another 2 c.c. of persulphate 
solution. When a test portion no longer turns green either on standing 
or by further addition of persulphate, the reaction is complete, and 
the solution may then be boiled and filtered, and the indigotin esti- 
rfrated as previously described. 

Criticisms of the Methods for the Estimation of Indigotin.— 

In recent years the various processes for the examination of indigo 
have given rise to an animated controversy. The foHowing are the 
more noteworthy opinions e3^|)resse(i 

According to ]\/rohlau ,3 in the analysis of natural indigo the hypo- 
sulphite and the acetic-sulphuric acid methods give approximately the 

1 /. Ch&m, Ind,, 1906, 25, 729 ; 1907, 26, II72. 

^ ** “ Report on the Cultivation and Manufacture of Indigo,*’ 1904. 

2 Z.^ngew. Chem,^ 1 903, l6, 547. 
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same results, the vat-method yields results which are too low, whilst^ 
the permanganate process ^d the hyposi;Jph|te method, in which the 
water-value is not taken into account, give toofegh results. 

Even when the water- value is taken into' account, the accuracy of 
the hyposulphite method ^s only a^pparent and fortuitous, because the 
other organic constituents of the indigo* oxidise hyposulphite. In the 
case of synthetic indigo, the acetic-sulphuric acid method gives consider- 
ably lower values than the hyposulphite and the permanganate methods, 
because it alone directly estimates the indigo-bhie»: the vat process 
yields too low results, because in suCji methods 4 to io cent, of the 
pure indigo-blue is decomposed. • 

Mohlau (1905) is of opinion that the acetic-sulphuric acid process 
is the best and most convenient. * 

Binz ^ suggests the estimation of indigos employed in dyeing and . 
printing by the hyposulphite (with exclusion of air) or the permanganate 
process; the former for natural, the latter for synthetic, indigo. For 
the preparation of indigo and indigo-carmin, Binz maintains that it is 
necessary to employ the known oxidation and reduction processes both 
volumetrically and gravimetrically. 

W. Zanker^ makes the following statement: — 

‘‘ . . . Among analysts it has been shown that the usual modern 
methods of estimating indigo give discordant results, and experts affirm 
that at the present time we still do not possess an entirely satisfactory 
process for the determination of the dyeing-value of an indigo. It 
must #?mys be admitted that a good analysis is a better means for th e 
evaluation of an indigo than dye-trials by vat-methods on a small scale. 
Quite apart from the fact that, in general, accurate values are never ‘ 
obtained by dye-trials, the vat-method in the laboratory is naturally 
always quite untrustworthy, and the final result depends more on sundry 
trivial contingencies than on the quality of the indigo. In actual work 
the value of an indigo is best and most certainly ascertained by a 
control of the amount employed and the amount sent out; this, of 
course, involves the supposition of an accurate and convenient vat- 
method, and it is only in this way that the accidents occurring in the 
vat-process can be properly accounted for. Thft test should be carried 
out over as long a period as possible. 

‘‘ When it is necessary to decide between the values of two kinds of 
indigo within thf course of a few hours, accurately weighed amounts of 
the dyestuffs, corresponding with the prices* are dissolved in fuming sul-^ 
phuric acid in the cold or in concentrated acid (sp. gr. *-84) on the water- 
bath. The amount of indigo should weigh between 2 and 3 g. ; the 
sulphuric acid solution is washed into a litre flask and is made up to 

^ Z. angem, Chem.^ 1903, 16, 572, » 

2 Farher-'Zeit,^ 1903? I4> 3^9 J also Brylinski, Bull, Soc, Ind, Mulhouie^ 1897, 67, 331- 
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r volume. Equal quantities of these solutions are then used to dye 
equally heavy woollen^ skeins in pale shades; these colours then 
determine not only the |(reater or smaller economy of one or other of 
the indigos, but also theW purity. Although this test is obviously only 
provisional and apptt;^x!mate, it is* easily aifd rapidly performed, and 
possesses the great advantage that the results a^ree, as a rule, with 
those of th% vat-process.” • 

Mention may here be made of Schlumberger’s chlorine test,^ which 
yields only appro3«*in?ate results but 3fet is frequently employed. Equal 
weights of tli^ samples of indigo td be compared are separately dissolved 
in ten to twelve times the quantity of fuming sulphuric acid, and each 
solution is diluted with the same quantity of water. The blue liquids 
are placed in glass C3ninders and treated with a freshly prepared solution 
of bleaching-powder of known strength until the blue colour of the 
indigo has disappeared. The resulting values are compared with those 
obtained with pure indigotin prepared by the sublimation of indigo. 

6, Other Tests connected with the Use and Examination of 
Indigo. — Reference may be made to the following tests, which are of 
practical value as regards indigo. 

I. Estimation of Hyposulphite, — The hyposulphite solution, which is 
employed in indigo-dyeing for the preparation of the hyposulphite vat, 
is estimated by Dawson ^ by means of an indigotinsulphonic acid, 
which is obtained by dissolving one part of purified indigo in ten 
parts of the best fuming sulphuric acid, warming at — 6o° for about 
two h ours (until a sample of the mixture dissolves completely #f^ater), 
and diluting to it)0 c.c. with water, so that the solution contains i per 
cent, .of indigo. This solution keeps without altering. Five c.c. of it 
(0-05 g. of indigo) are diluted with, and are rendered alkaline with 
ammonium hydroxide ; the hyposulphite solution is run in from a 
burette until the change of colour shows that the whole of the indigo 
is reduced. The amounts of indigo and of hyposulphite suitable for 
work on the large scale are then easily calculated.^ 

Seyewetz and Bloch ^ add excess of an ammoniacal solution of 
silver chloride to the hyposulphite solution and weigh the metallic 
Silver whiclf is precipitarted. The reduction proceeds according to the 
equation : 

2AgCl + 4NH3 + Na2SA+2H20 = 2 mCl + 2 (NH^\SO^ + Ag^, 

Knecht and Hibbert’s ^method ^ for the analysis •bf solid sodium 
hyposulphite consists in adding a weighed quantity (about 0*2 g.) to 
1 DinglpolyLj., 1842, 84, 369. 

^ J, Soc, Byers and Col,, 1889, 5, 93 ; Z, anal. Chem.^ 1890, 29, 629. 

» Cf, also A, R. Frank, Z. Elektrochem,, 1904, 10, 451 ; A. Binz and H. Bertram, Z» angew* 
Ckem^y 1905, 18, 168, 

^ Rev, Gen, Mat, 10, lOI* 


® Ber.^ 1907, 40, 38I9, 
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25 C.C. of a solution of methylene blue containing 10 g. of the dyestuff 
per litre. The methylene bl2e solution is contained in a conical flask 
through which a slow current of carbon dioi^yjB is maintained. On 
dissolving in the methylene blue solution, the liyopsulphite reduces its 
equivalent of the dyestuff, and the excess is Wfimated, after adding 
acetic acid, by titration with standard titanium trichloride. The 
presence of bisulphites or Sulphites in the hyposulphite' does not 
interfere with the accuracy of the estimation. 

2. Estimation of Indigo on tke^ Fibre, — RenarcJs ’method^ of esti- 
mating indigo on the fibre is also^of practical value^ ^ K reducing 
solution is first made by mixing 10^ c.c. of sodium hyposulphite, 
prepared from sodium bisulphite of 35° BA, with 100 c.c. of milk of 
lime, and diluting the mixture to 2 litres. Ten grams of the materials 
are then warmed with this solution to 60 — 70°, whereby the indigo is 
rapidly reduced and the material and the liquid become yellow. Coal 
gas is a then passed through the flask containing the liquid, which is 
occasionally shaken, and finally the colourless solution is rapidly de- 
canted, still in a current of coal gas, into a measuring cylinder, the 
volume of the cold liquid (about 100 c.c.) is measured, and the liquid is 
treated with hydrochloric acid, and filtered after twenty-four hours ; the 
precipitate is collected on a small filter, thoroughly washed, and dried. 
The precipitate, together with the filter, is then treated with abotit 
10 c.c. of fuming sulphuj^c acid, and the indigo dyestuff is titrated by 
Muller’s process.^ 

way Renard finds i-i to 3-6 per cent, of indigo dy^fituif- 
(calculated on the weight of the material) in samples of cotton dyed 
with indigo. 

In the same way can be calculated the amount of indigo in materials 
which have been bottomed with aniline grey, or have been dyed with 
aniline blue or aniline violet. 

Brylinski^ proposes the use of the glacial acetic acid process for 
determining the amount of indigo on the fibre. With some modifica* . 
tions the process, according to the researches of A. Binz and F. Rung,^ 
is free from objections, and is the best of all hitherto proposed methods,. 

According to the directions of Binz and Rung, the following are 
suitable quantities for 10 g. of cotton; 150 c.c. of glacial acetic acid, 
poured after the extraction into 300 c.c. of water. By heating over a 
n9.ked flame th« operation is completed^ in three to four hours. 
Brylinski proceeds now to filter at*the pump. A better plan is to 

add 150 c.c. of ether, in which the whole of the ihdigotin remains 

• 

1 Butt. Soc, Ckim., 1887, [ii.], 47, 41 ! also' A. Binz and F. Rung, Z. angew. Chem., 
1898, II, 904. ^ Jahreshtr.f, Chm., 1874, 1019. 

3 jRiv. Gen. Mai. Col, 1898, 2, 52 j l899> 3, 5 5 Butt. Soc. Ind. Mulhouse, 1898, 68, 287. - 

^ Z. angew, CAem,^ 1898, ii, 904. 

II 4D 
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suspended. The lower layer of dilute acetic acid is removed in a 
separating funnel, and yeed not be filtered. The ethereal suspension 
filters very rapidly, :xn^\ the precipitate is subsequently washed with 
alcohol and ether, an^ i^ finally treated as described on p. 1135. 

Mohlau and Zimn^ri!nann ^ estimate indigo on the fibre as follows. 
About 10 g. of the dyed material, cut into exceedingly small pieces, 
are placed in a flask or beaker of 250 c.^. capacity, and are covered 
with 50 c.c. (for cotton), or 200 c.c. (for stout woollen cloth) of acetic- 
sulphuric acid (a mi^fture of 100 c.c. (^f glacial acetic acid and 4 c.c. of 
concentrated sulphuric acid) ; the mixture is heated, with occasional 
shaking, for half an hour on a vigorously boiling-water bath. The hot 
Hue solution is decanted from the macerated fabric through a porcelain 
funnel fitted with a "perforated disc covered with a toughened paper 
moistened with acetic-sulphuric acid, and the residue, if incompletely 
extracted, is again heated for twenty minutes with 50 c.c. of acetic- 
sulphuric acid, the solution is again decanted, the macerated material is 
transferred to the filter, and the flask and the residue are washed with 
warm acetic-sulphuric acid until the washings are colourless. About 
a further 50 c.c. are necessary for this purpose, consequently the 
volume of the filtrate amounts to about 150 to 300 c.c. 

The filtrate is warmed to about $0°, and one and a half to two 
volumes of boiling water are slowly stirred in. The solution is allowed 
to cool spontaneously, whereby the indigo-blue separates completely 
in fine crystals, which are collected on a tared, tougfiened filter-paper, 
at^d y e washed first with hot water until free from sulphuric then 
with I c.c. of 95 '‘per cent alcohol, and finally with 100 c.c. of ether. 
The filter and the indigo-blue are dried at 105° until the weight is 
constant, and are then weighed. 

In the case of vat-dyed cotton, 0*22 must be subtracted from the 
percentage of indigo-blue; this amount represents the quantity of 
modified cellulose which is dissolved by the acetic-sulphuric acid and 
thus becomes mixed with the indigo-blue. 

When vat-dyed wool is heated in the same way, the keratin which 
is formed is completely soluble in water, and therefore need not be 
taken into account. 

This process can be performed more rapidly than Brylinski's, and 
gives the most accurate results. After numerous experiments A. Binz 
and F. Rung^ arrive at the following conclusions : — ^ 

1. The accuracy of the acetic add process should not, as heretofore, 

be tested by experiments in which commercial synthetic indigo is 
extracted with glacial acetic acid. c 

2. “Indigo pure’' and chemically pure indigo are partially decora- 

^ 1 R. Mohlau, M. R. Zimmermann, and J. L. Fitzke, Z, Farh, Ind., 1903, 2, 192* 

2 Z. angew^ Chtm., 1902, 15, 557. 
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posed when they are boiled with glacial acetjc acid in the presence o6 
a woollen material. Consequently, the results obtained by extracting 
vat-dyed wool with glacial acetic acid and ahtiequently titrating the 
indigo, are too low. 1 

3. On the average th^ resulting error is o-i pl^r cent, of the weight 
of the fibre. The gicetic acid process, therefore, is always available as 
a comparative method. The acetic acid process gives ^satisfactory 
comparative results in the case of cotton. 

Knecht’s process^ consists inf dissolving the 3yed cotton fabric in 
warm sulphuric acid, diluting with water to precipitate ^the indigo, and 
finally sulphonating the dyestuff and •titrating in the usual manner. 
Four grams of the sample bf dyed cloth are cut up into small pieces 
and placed in a porcelain beaker; 25 c.c. of 80 p*er cent, sulphuric acid 
(148° Tw.) are now added, and the whole is stirred slowly, the tempera- 
ture being maintained at about 40'^. In a very short time the cloth 
begins to dissolve, and after about ten minutes’ stirring all has passed 
into solution. The contents of the beaker are now diluted to about 
120 c.c. with water, boiled for a few minutes, and the precipitated 
indigotin is filtered off through a Gooch crucible containing, as filtering 
medium, first a layer of coarsely crushed quartz of about the size of 
millet seeds, then a layer of fine quartz of about the size of grain sugar, 
and lastly a layer of finely divided silica. The depth of the whole filter 
bed will be about^-J- inch^ The filtration is gradually assisted by means 
of the vacuum pump, which is turned full on towards the end of the 
operafidff. The crucible is then dried at no — 120°, and is then 
in a weighing bottle with a small amount of concentrated sulphuric 
acid, when it is heated for an hour in a water-oven. The sulphonated 
indigotin is then taken up with water and titrated either by means of 
titanium trichloride, or by Rawson’s permanganate process. 

If the amount of indigo contained in the dyed material is small, the 
whole of the diluted sulphuric acid solution of the indigo is rendered 
alkaline in a fairly large conical flask by adding soda crystals (55 g.^ 
for each 10 c.c. of sulphuric acid used ‘in sulphonating), and is then 
rendered acid again with tartaric acid before titrating. 

A groundwork of logwood or sanders wood on cloth dyed with 
indigo is detected, according to Philipps, by warming the fabric with 
dilute nitric acid (i : 6), A straw-yellow colour is produced if the 
rnaterial has beaia dyed with pure indigo, whilst a more or less brownish 
colour is developed when a groundwork has been employed. ^ 

F. H. van Leent ^ recommends the following proce^ for the detection 
of indigo on wool. • The fabric, unravelled into loose fibres, is covered 
with pure molten phenol in a test tube, and is heated and frequently 

^ J. Soc, Dyers, 1909, 25, 135, 160. 

Z. anal Chein,, 1900, 39, 92 ; Chem, ZeiL, 1900, 24, 
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shaken for one hour in^ a boiling-water bath, wliereby the indigo is 
completely dissolved aftei^ a repetition of the process. The blue solution 
is poured off, and the ^,bres are twice or thrice washed with alcohol and 
squeezed. The residi^al Wool is pure white when only pure indigo was 
originally'present. treating the tlue solution with a large quantity 
of alcohol the indigo-blue is "mostly precipitated, whilst the solution 
exhibits a r-ed colour due to the indigo-red whicfi is simultaneously 
extracted by the phenol. 

Of other blue r dyestuffs, indophonol alone is removed from the 
fibre by phenol.^ When a fabric which has been dyed with various dye- 
stuffs — for example, indigo, anthracene blue, indigo, and sanders wood — 
is^, examined by the preceding method, only the indigo is dissolvjed, and 
the fibres, examined "under the microscope, are partly colourless and 
^ partly blue and reddish brown. 


Logwood. 

Logwood (Campechy wood) is obtained from the tree Hmnatoxylon 
Campechianum^ which flourishes in Central America and in the Antilles, 
and consists of the stems freed from the bark and the white sap 
(alburnum). The extract of the logwood is prepared as a viscous 
liquid (sp. gr. m6 — 1-26), and also in the solid form. The hsema- 
toxylin present in the logwood produces a grey-violet colour with 
alumina mordants, evidently due to the alumrnium lake of hsematein 
produced by atmospheric oxidation. ^ ^ 

salts pr«oduce a dark blue, and ferric salts and also potassium 
^ dichromate a deep black colour. Dyeing and printing with logwood 
are rather complicated processes, in which several of these mordants 
are frequently employed simultaneously. For example, to produce a 
black colour the dyestuff is fixed by an aluminium mordant and the 
printed material is passed slowly through a solution of potassium 
bichromate or copper sulphate. Evidently the production of a black 
"''■colour depends on the formation of higher oxidation products of 
hsematein, which have still noCyet been studied from a chemical point 
view. r ^ 

Cloths dyed with logwood, unlike those dyed with indigo, do not 
become white by rubbing and prolonged use. 

Logwood varies in quality according to its origin. Campechy wood 
from the Bay of Campechy is the^ best; average qualities come from 
^Domingo, Honduras, and Jamaica, the poorest qualities from Martinique 
and Guadeloupe. Bruhl^ states that Jamaica roo^s are decidedly the 
worst source of logwood. 

Good logwood should yield about 15 per cent, of dried extract; 

1 floe , cit , 2 Ckm , 1900, 24, 767. 
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BruhP remarks, ho\^ever, that the yields of extracts of logwoods are 
generally quoted too high. « The ground logw^ood, which is also placeS 
as such on the market, is occasionally moistenecLwith water to prevent 
loss of the dust, whereby it acquires a bright red colour, which 
subsequently becomes paJer. Sprinkling with li|ne-water, which is also 
done to improve the colour, depreciates •the dyeing value.- Hasmatein, 
not hsematoxylin, i^ to be. rggarded as the substance which produces the 
coloured lakes. The process of oxidation, which is necessary for the 
formation of the haematein, occurs, partly before Jhe rasped wood is 
employed in the preparation of a ^^e-bath or in the production of 
liquid and solid extracts, partly duj'ing the process of dyeing (by 
potassium bichromate in th^ case of wool, by a ferric salt for cotton and 
silk), ""before being extracted, however, the rasped wood is moistened 
with about one-third its weight of water, and is submitted for two * 
months to so-called ‘‘ fermentation ’’ (a process of fermentative oxida- 
tion), being frequently stirred over during this period ; this operation 
and fhe accompanying action of the ammonia in the air (sometimes the 
wood is moistened with dilute ammonium hydroxide or with stale urine) 
induce the formation of haematein. In spite of the introduction of 
artificial dyestuffs, logwood and its liquid and solid extracts are, even at 
the present day, of very great importance in dyeing, although not so 
much so in calico printing. It yields the cheapest and finest bluish 
black dyestuffs for wool (Chrome Black and Iron Black) ; it is also still 
used a little in cotton dyeing. 

Extracts of Logwood and of Dye-woods in general. — The 

quantities of extract,^ prepared from logwood and employed in "pyein^ 
(and to a less extent in calico printing), are considerable, and are# 
increasing annually. Von Hohnel ^ describes the microscopic examina- 
tion of logwood and of other dye-woods (in the ground state). 

According to Schreiner (loc. czf,\ the reaction of a logwood extract 
can be ascertained by the colour of the solution. Neutral solutions are 
deep red, alkaline solutions are blue-red, unfermented (see above), acid 
solutions are light yellow, and fermented acid solutions are orange?2^ 
yellow. Extracts to which tannin has been added always have an acid 
reaction, and the colour, unlike that of the* naturally mcid extra<J:s 
prepared under pressure, is not instantly changed to the red of the 
neutral solution by dilution with water containing a little lime, or by 
shaking and warming with a small quantity of calcium carbonate. 

Moreover, the ' reactions with stannous •chloride are characteristic, 

• 

^ Loc,cit, 4* 

2 V. Cochenhaiisen, Muspratt’s Handbuch der technischen Chemie^ 3rd ed., vol. iii., p. 193. 

3 For dye-wood extracts, especially extract of logwood, which is the most important techni- 

cally, compare v. Cochenhansen, Muspratt’s Handbuch der technischen Chemie^ 3rd ed., vol. 
iii., p, 183; J, H. Soxhlet, Chem, Zeit, 1890, 14, 667; L. Briihl, ibid,, 1890, 14, 767; 
Schreiner, ibid,, 1890, 14, 941. ^ Dingl, polyt. J,, 1880, 23^, 74. 
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provided they are performed with an extract solution of sp. gr. about 
'x-oo3S and without an dxcess of the tin spit. Solutions of fermented 
extracts give a dark ^rQwn precipitate, those of unfermented extracts 
a pale violet precipita''' e„whilst extracts containing tannin yield a dirty, 
often yellow precipitafe. ^ -■ g 

Finally, the ammonium swlphide reaction is very useful for the 
detection of tannin in logwood extracts. ^When z solution of 5 g. of 
the dry substance in I litre is treated with one-third its volume of 
yellow ammonium ^s^lphide, a delicate brown, flocculent precipitate -is 
produced in the case of pure extracts and the solution darkens, whilst 
extracts containing tannin yield a denser, pale grey, milky precipitate, 
and the solution instantly becomes lighter.. Solutions of pure extracts 
containing about i g? per litre develop a slight dark turbidity7 whilst 
' those of extracts containing tannin give a pale, strongly turbid solution, 
" and in a short time large, light flocks are produced (see section on 
“ Leather ” for extracts of tannin). 

The valuation of logwood and of the logwood extracts (provided 
there is no adulteration with dyestuffs, such as chestnut extract, 
sumac extract, etc.) is ascertained by a dye-trial. Twenty grams of the 
wood or 5 g. of the extract are boiled with water in a porcelain basin 
on the water-bath, the liquid is poured through a linen cloth into a litre 
flask ; the extraction is repeated until the solution is no longer coloured. 
Type solutions are prepared in the same way. Then as many pieces of 
wool, weighing 5 g., as there are dyeings to be^performed are cut from 
thin woollen tissue and are placed for a few hours in a l^k^arm 
of ammomum carbonate (5 g. per litre). The pieces are then 
r. washed carefully and, while still wet, are boiled in a mordant-bath 
containing, for each woollen piece, 10 c.c. of a solution of 8 g. of 
potassium bichromate and 2 g. of concentrated sulphuric acid per litre. 
All of the pieces are simultaneously introduced into the mordant-bath, 
which is slowly heated to boiling over a naked flame or, better, in a 
glycerol bath ; the boiling is continued for half an hour. The pieces, 
^ "Shielded from light, are allowed to remain in the mordant-bath until it 
is cold, then they are washed, and dyed without being dried. 

With each of the dyeing materials under examination, and also with 
the standard, two dyed samples, one light and the other darker, are 
prepared by using, for each woollen piece (5 g.), 10 c.c. and 20 cc. of the 
dyeing solutions prepared as described above. The measured quantities 
of the dyeing solutions are diluted ^with the necessary amount of water 
In a porcelain beaker, the soaked woollen pieces are introduced, and 
the solutions are slowly heated in a glycerol bath tq the boiling point 
and are kept at that temperature for half an hour. The pieces are then 
removed from the dye-bath, washed when cold, dried in the air, and 
comf^ared with^one another. 
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When it is desired to express numerically the value of a logwood 
extract in terms of a good extract, ten woolkn pieces, each weighings 
5 g., are dyed with quantities of a solution of a standard extract which 
decrease in arithmetical proportions, therefore,' infthe present case with 

2 -a~ 6“8 - I0~ I 2 *- 14-16-18 -nj 20 C.C.. 

and that piece is noted which agrees iti shades with a woollen piece 
dyed with 20 c.c. of 1;he extract solution under examination^ 

For the simultaneous estimation of the dyeing power and the stage 
of oxidation of a logwood extract, J. Zubelin^ rf^c^mmends a process 
which depends on the use of oxidising and non-oxidising mordants. A 
type, consisting exclusively of hsematoxylin, a certain amount of 
ej^peri^nce in the dyeing process, and accuracy in judging the dyed 
fabrics, are requisite to obtain good results. • ^ 

The solutions which are employed contain 5 g. of extract (sp. gr. J 
1-26) in I litre of distilled water, and are modified as follows : — 

I., The type is an extract (sp. gr. 1*26) of a good wood, and con- 
tains the dyestuff entirely in the form of haematoxylin. 

2. An extract (sp. gr. 1*26) consisting almost entirely of haematein. 

3. An extract (sp. gr. 1-26) composed one-half of haematoxylin and 
one-half of haematein. 

4. An extract (sp. gr. 1-26), as in i, but made into a vat with 20 

per cent, of a tannin (sumac). ^ 

5. An extract (sp. gr. 1-26), as in i, mixed with 0*5 per cent of 
calcium carbonate. 

RxpMmeni A , — The wool to be dyed (xoo g.) is mordanted .with 
3 g. of potassium bichromate, 

5 g. „ tartaric acid. • 

The wool then still retains an oxidising character, and gives an 
average shade after being dyed. The dyeings are performed for half 
an hour on the water-bath with 40 c.c. of the extract solutions 
(corresponding with 7 per cent, of extract, sp. gr. 1-26, calculated on 
the weight of wool), diluted with 400 c.c. of distilled water. 

The colours possess the following character ; — 

I, with type i, the characteristic bluish shade of hcematoxylin. 

2 is much darker than i, and is nearly blacl?. * 

3 lies between i and 2. 

4 is weaker than 2, 3, and i (the same character would be obtained 
in the case of a non-oxidised extract mixed with other similar 

substances). * 

5 is darker than the colour produced by the type,, in consequence of 
the oxidising actidh of the lime. 

These trials prove that the oxidised extracts yield darker colours 
J ShIL Soc. Jnd, Mulhouse, 1898, 68, 257. 
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than the pure extracts, and that the latter producei darker colours than 
'those made into a vat. f. ^ 

Experiment B. — The wool (lOO g.) is soaked for two hours in a 
boiling-bath, as concentrated as possible, and containing 

f o f §■• of alum, <r 

^2*5 g. „ potassium bichromate, 

2-5 g* jj copper sulphat^ 

2*5 g, ,j tartaric acid. 

It is then well wa^ed and dyed ap before, with the difference that 
only 3 per cent of Campechy extract (calculated on the weight of the 
wool) is employed. The colour^, possess the following character : — 

1. The pure hasmatoxylin produces the best colour, ^ ^ 

2, 3, an(^5 are lighter than i, 

4 is always weaker than i. 

When an unoxidised extract is required, an extract is selected 
which, according to the results of experiments A and B, gives results 
most nearly resembling those produced by the type. 

When, however, an oxidised extract is required, preference is given 
to one which produces the darkest colour, as in experiment A. 

Experiment C, — The dyeings are performed on cotton skeins, 
weighing about 8 g. 

^ No. I like No. i in A and B. 

No. 2 „ No. 2 in A and B. 

No. 3 „ No. 2 made into a vat with 20 per cent, of water. 

No. 4 „ No. 4 in A and B. ^ 

No? 5 „ No. 4' (plus an amount of calcium carbonate sufficient to 
^ neutralise the tannin). 

No. 6 „ No. 5 in A and B. 

The cotton must previously be washed thoroughly in boiling water. 
The Campechy solution, consisting of 
300 C.C. of distilled water, 

^ 100 c.c. „ the extract solution (as given above), 

is warmed to 66 — 70'", the skeins are introduced, and are allowed to 
r^ain for tvj^o hours whjle the bath is cooling ; then they are removed, 
squeezed, and placed for four to five minutes in a bath of copper 
sulphate (3 per cent, of the weight of the cotton). 

No. I shows the grey shade of pure hematoxylin. 

No. 2 is darker than i. ^ ^ ^ 

r No. 3 is still rather dark grey. 

No, 4 is very poor (Campechy extract dyes cotton badly in the 
presence of an acid tannin). 

No, 5 is darker than 4, because the tannin was previously 
neutalisedj but is inferior to the type on account of the vatting. 
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No. 6 is the darkest ; it is darker than the type but brighter than 
2 and 3. , ^ ^ 

Extracts which have been mixed with tannjna can also be recognised 
by their reddish grey shade. 1 

By a comparison of t^e results^of these threJ series of experiments 
it is always possible to pass judgment on a doubtful product 

With the object t)f lessening their cost, extracts of logwood, according 
to Bruhl,^ are mixed with molasses, dextrin, quebracho extract, chestnut 
extract, sumac extract, quercitron extract, scdij^m sulphate, and any 
other conceivable drugs ; even the best qualities frequently contain not 
less than 20 per cent, of adulterants, jvhilst seconds may have 40 per 
cent, and thirds, as much^as 70 per cent! In China and Japan in 
particiJlar the third qualities are readily accepted# 

Briihl finds that the European products are always adulterated with 
molasses, seldom less than 15 per cent, together with various amounts 
of chestnut, quebracho, and quercitron extracts, and frequently also 
sodium sulphate. Such adulteration with molasses (or dextrin) can 
be easily detected, according to Schweissinger,^ by completely precipi- 
tating the solution of the extract with lead acetate, and examining the 
filtrate with Fehling’s solution or by the polarimeter; pure logwood 
extract (either liquid or solid) does not contain any substance which is 
optically active or reduces Fehling’s solution. 

To detect chestnut extract,^ i g. or o-i g. of the extract, previously 
dried at 100°, is treated with ether and the weight of the soluble 
portipn determined. The residue which is insoluble in ether, is then 
completely extracted with absolute alcohol, and the weight of substance ^ 
dissolved by this solvent is determined. By comparing these weights# 
with those obtained in the examination of a good, unadulterated 
logwood extract, it is possible to ascertain whether any adulteration 
has been practised. For example, 100 parts of extract gave 



Substances 

Substances 


soluble in ether. 

soluble in alcohol. 

Genuine extract . , . 

871 

14*3 

Suspicious extract , 

76-9 

19-5 * 


Chestnut extract is almost insoluble in ether, but is appreciably 
soluble in absolute alcohol ; naturally, therefore, a suspicious extract will 
yield a larger ^amount of substance soluble in alcohol and a smaller 
amount soluble in ether than a genuine extract. ^ The test can be 
amplified by the ^following experiment. Equal weights of the con- 
stituents, of the two preceding extracts, which are soluble in alcohol 

1 Chem, ZeiU^ l8go, 14, 767. ^ Industrie Blatter^ 1887, 24, 337. ^ 

® Dingl. polyt^ 1868, 190, 242. 
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and in ether, must dye equal areas of calico in tke same way, if they 
have the same compositi&n. In the cases ip question it will be found, 
therefore, that the ethereal extracts behave alike in the dye-trial whilst 
the alcoholic extracts produce very different results. 

The substances mer^tioned above do not exhaust the list of 
adulterants of logwood ''extract ; sand, clay*' soil, sawdust, spent tan, 
etc., are not infrequently added to “improve” this widely employed 
extract. 

The adulteration p{ logwood extract with glue, sugar by-products 
(molasses), and chestnut extract can b'e detected as follows : ^ — 

First the water, nitrogen, and ash are estimated. Then an aqueous 
solution of the extract in question is decolorised by digesting at. a 
gentle heat with coarsely powdered animal charcoal gradually'^dded, 
and is filtered. Since the decolorisation of solutions of chestnut extract 
by animal charcoal is much more difficult to effect than that of solutions 
of pure logwood extract, the fact that comparatively great difficulty is 
experienced in decolorising the solution (a parallel experiment with 
unadulterated extract assists the judgment) is in itself a sign that 
further examination is necessary. If, therefore, by immediately heating 
the nearly colourless filtrate with Fehling’s solution, a considerable 
amount of cuprous oxide is precipitated, the adulteration with chestnut 
extract is practically proved. If this is the case, the further examina- 
tion of the behaviour of the original filtered (but not decolorised by 
animal charcoal) solution of the extract towards a solution of gelatine, 
which gives quite different results with logwood extract and^ch^tnut 
"extract separately, .will only give useful information when the quantity 
.of chestnut extract is the greater or at least exceeds 7 per cent. 
Adulteration with sugar by-products is proved when the extract 
solution, after being decolorised by animal charcoal and filtered, does 
not immediately give a precipitate, or only a very slight one (as is well 
known, molasses, particularly old molasses, frequently contain a small 
quantity of invert sugar), with Fehling’s solution, but yields a consider- 
•?Jole amount of cuprous oxide after inversion by dilute hydrochloric 
acid.- Adulteration with glfie is probable when the preceding 
phenomena f^are not qbserved and yet the amount of nitrogen 
considerably exceeds i per cent. In this case the addition of more 
than 8 per cent, of glue can be detected with greater certainty, but 
not conclusively, as follows ; — Three to four grams of the powdered 
extract are twice or thrice treated^with about 93 per 'bent alcohol at 
the ordinary temperature, the residue is dissolved in warm water and 
precipitated by a solution of lead acetate. After the resulting blue 
precipitate has been removed, the excess of basic lead acetate in the 
filtrate is completely precipitated as lead carbonate by the addition of 
• ^ E. Donatb, Chem, ZeiL^ 1894, 18, 277. 
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sodium carbonate. {The precipitate is filtered off, and a solution of 
tannin is added to the filtj-ate, whereby a jJrecipitate or a distincf 
turbidity is produced If glue is present in the ori^nal extract^ 

Donath found o-8i per cent, of nitrogen and 133 per cent, of ash in 
a freshly prepared extrac^ dried in* a vacuum, 'f^ommercial unadulter- 
ated extracts gave . " * 


- 

• 

I. 

(German manufacture). 
^ 

• 

ir. 

(Belgian manufacture). 

Water 

Nitrogen . 

•Ash . 

Percent. * 

8*26 

O-78'i ' 

»6-39/ 

* • 

Per cent. 

11-34 • 

' O’oS) calculated on 

4 -99/ the dried substance. 

# ^ 




The ash of each of these extracts contains a considerable quantity 
of alkali and a remarkably large amount of chloride and phosphate 
(even, as much as y-Si per cent, of chlorine, and 2*12 per cent of 
phosphoric oxide). 

The considerably larger amount of ash in the commercial extracts, 
as compared with that in the pure extract, leads to the conclusion that 
this is conditioned by the so-called fermentation of the rasped logwood 
before it is employed in the production of extracts. (It is known that 
the process of “ fermentation ” usually consists in occasionally sprinklipg 
the logwood with stale yrine.) 

The following preparations obtained from logwood or logwood 
extract ^ill be mentioned briefly. , 

Hematin is placed on the market from Lyons and has properties 
almost analogous to those of Hsematein, prepared first by Erdmann ; ^ 
it is probably obtained by extracting the fermented wood with ether. 

Indigo Substitute, Noir reduit are violet blue liquids which are 
very extensively employed in the dyeing industry, and are prepared 
from logwood extract by means of potassium bichromate and sodium 
bisulphite. According to v. Cochenhausen ^ they may consist of the 
bisulphite compound of an oxidation ^product of haematoxylin,^ntf 
a chromium salt. Also a few preparations seem to be obtained by 
dissolving the chromium lake, produced by tteating logwood extr^t 
with potassium bichromate, in hydrochloric or oxalic acid. 

Direct Black, Imperial Black or Nigrosalin are a mixture ^ of 
logwood extra# and iron sulphate and copper sulphate, which is 
brought on the market in dark-ccjloured* cakes, or as a dark brown 

1 C/. also V. Cochenhausen, Z. angew, Chem.^ !?> ^7 

2 jg. Dollftiss, Dingl polyt J, 1880, 237, 464. 

2 J, prahU Chem, 1882, [il], 26, 205. 

^ Muspratt’s Handbuch der technischen Chemie^ iii., p. 206, 

® Breinl, Dingl polyUj,^ 1887, 263, 487. 
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powder caking together in the air, or as a black pasty mass obtained 
%y precipitating a decoction of logwood with a solution of iron sulphate 
and copper sulphate The first-mentioned form of the commercial 
product is composed <|f two to six parts of logwood extract, two parts 
of iron sulphate, and jpne part of copper sulphate. Since the products 
supplied by different manufacturers never have the same composition 
the shades developed by the same quanti;ty of tho dyestuff are never 
alike.^ The shade is greenish when the copper sulphate predominates, 
and reddish violet,, when much ^i$on sulphate is present. All 
possible black shades can be produced, therefore, by varying the 
quantities of these two salts. „ 

A preparation placed on the market upder the name Direct Black 
for Cotton^onsists of a brown viscous mass, and is composed^^cord- 
ing to V. Cochenhausen, of about 50 per cent, of water, 45 per cent, of 
a substance soluble in alcohol and ether (haematoxylin and hasmatein), 
and 3-5 to 7 per cent, of copper sulphate. 

New Printing Blacks SS, NR, NRG {Leonhardty are lo^ood 
extracts which have a strong odour of acetic acid, and, mixed with 
sodium chlorate, can be employed directly for printing cotton without 
the addition of chromium acetate. 

General Remarks on the Estimation of Dye-wood Extracts. 

Liquid or solid extracts of dye-woods are still extensively employed 
in dyeing and printing as substitutes for dye-'^ood decoctions prepared 
on the spot. In spite of the additional expense of manufacturiRg the 
extract it is economical to employ extracts of dye-woods, which are 
always cheaper in consequence of the considerable saving in the cost 
of freight. It is more advantageous for the printer, who must always 
work with concentrated infusions, to employ extracts which are readily 
converted into concentrated infusions by solution. Also in many 
cases it is almost compulsory for the dyer to use extracts, especially 
when the dye-bath is required, at a concentration which can only be 
•attained by a lavish consumpj^ion of material in the usual process of 
boilfivg. Conversely there are occasions on which the woods cannot 
ts replaced" by extracts. Thus in dyeing wool purer and better 
colours are obtained from decoctions of the wood than from solutions 
of the extracts. Decoctions of dye-woods, particularly of logwood, also 
produce colours which are faster to air than those obtained by means 
^of extracts. For many purposes— Tor example, for “topping” blue on 
'cotton (as substitute for vat-blue)— a freshly prepared decoction of log- 
wood cannot be replaced by extracts. Generally, (however, in cotton- 
dyeing with logwood, fustic, and quercitron the employment of extracts 
is more advantageous than that of the chips. 

» V. Cochephausen, loc. at., p. 207, 2 Cew. Mat. CoL, 1898, 2 , 459. 



rS^E-WOOD EXTRACTS 


1167 


Deleterious effects are frequently produced ^in dyeing processes by 
resinous particles which are present in the extracts of boiled-out woods 
— in contradistinction to the ordinary dye-w^d decoctions — and 
develop small dark spots on the dyed material.^ I 

The following criteria ^re applied by Schreine|r - to the valuation of a 
dye-wood extract, particularly of logwood extract, which is the substance 
most frequently requiring eixamination : r. Percentage of jdyestuff; 2. 
Addition of foreign dyestuffs and tannins; 3. Addition of weighting 
materials'; 4. Fermentation anc^ jjeaction (the latter Jias been described 
on p. 1 1 S3). % 

In consequence of the great similarity in the behaviour of the 
dy^stai^s* of dye-woods (particularly of haematoxylin and haematein) 
and of tannins, Schreiner has applied the so-called ^‘Vi^jjnese gravi- 
metric process of estimating tannins ” published by Weiss,® to the 
estimation of dye-wood extracts. 

Fifty grams of the ground dye-wood are completely extracted with 
an alkali in a specially constructed, very convenient extraction 
apparatus, and the solution is diluted to i litre and filtered. A portion 
of the filtrate is allowed to flow through hide-powder in a special 
filtering apparatus^ with the necessary precautions. The hide-powder 
for this purpose must be of the purest quality and in a woolly form. 
The filtrate in a successful experiment is absolutely colourless, apd 
remains so even after the addition of ammonium hydroxide, since it 
contains only substances devoid of dyeing or tanning properties. Then 
100 ?.c. of this filtrate and also of the original solution are evaporated 
on the water-bath, and the residues are dried in an air-bath at 100° 
until the weights are constant. The difference of the two weights^ 
represents the amount of dyestuff. 

In dealing with extracts a solution is prepared containing about 
10 g. of the dried substance in i litre. After the solution has been 
made up to volume at the ordinary temperature, it is warmed on the 
water-bath at 50*^, filtered, if necessary, with the addition of kaolin, and 
the clear solution is treated as above. ^ In addition, i to 2 g. of tbfF 
extract are dried at loo*^ in a platinum vessel, to determine the’^ater, 
and the dry residue is incinerated to detemiine the ftiineral cdTi- 
stituents. 

The content of "insoluble matter is calculated from the difference of 
the weight of ^he dry substance and the sum of the weights of the 
dyestuffs and non-dyestuffs, that i«, of th% total soluble matter. The 
amount of mineral matter is subtracted from that 06 the non-dyestuffs! 
(The occurrence oS mechanical impurities in the “insoluble*^ matter is 
extremely rare, but when it happens it is easily seen.) 

^ V. Gochenhausen, /oc, cit^ p. 186. ^ Cf. Gerher^ 1895, 21, 63. 

Chem, ZeiU^ 1890, 14, 961. ^ Z. angew, Chem,^ l88^, I, 7^7. 
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Schreiner gives the following examples : — 


FRESH LOGWOOD. 

. . * 


I. 

'll. 

jn. 

IV. 

n 



Fresh. 

Fermented. 

Dyestuffs . , • 

Non-dyestuffs , 

Water 

Per cent. 
12-06 
2-22 
10-86 

Per cenl. 

10:5 <11 
. 1*72 
^"12-80 

Per cent. 
8-16 
1-04 
10-80 

Per cent. 
9-70 
2-05 
10*02 

Per cent. 
9-26 ' 
1-10 
16-00 

EXTRACT: LIQUID, SPEC. ‘GRAY. 1-26. ' 


I. 

It. 

III. 

IV. 

V. 




aolid. 

Dyestuffs .... 
Non-dyestuffs 

Insoluble at 50® . 

Ash 

Water 

Per cent. 
52-52 
6-06 
0-45 
0-14 
40-83 

Per cent. 

41- 39 
11-91 

2-87 

1-81 

42- 02 

Per cent. 
33-52 
14-39 
6-99 
3-47 
41-63 

Per cent. 

79-77 

9-03 

1-05 

0-22 

9*88 

Per cent. 
54-36 
18-14 

9 20 

6-04 

12-26 


The extract analyses quoted are compiled from . extreme cases : 
I. and IV. are normal extracts of a good wood; II. contains an 
addition of about 20 per cent.; III. of about 10 per cent, of an eaitrattive 
substance (syrup) containing a considerable amount of lime ; V. contains 
'an addition of extractive substances and salts (sodium sulphate). 

A glance at the examples quoted suffices to show the importance of 
analysis when buying dye-woods, particularly when it is mentioned 
that I., II., and III. are woods of the same brand. Unfortunately, the 
extract manufacturer is only rarely in a position to be able to procure 
in advance a truly average sample of the wood. Also the content of 
Tlbn-dyestuffs is of considerable.^ importance, especially for wool-dyeing, 
since~Lhe fermentation proceeds more easily and thoroughly the greater 
th'e amount of non-dyeatuffs. The process of fermentation and the 
accompanying partial formation of volatile products are conditioned by 
these substances, and through their activity the Icgwood dyestuff is 
brought to the surface of the wooden particles, and is.,thus given the 
opportunity of combining wifn oxygen. 

The only fault nof these new methods of Schreiner is that the dye- 
stuffs and any tannins present cannot be estimated-^ separately. This 
disadvantage becomes of considerably less importance, however, from 
the fact that for the purposes to which such dyestuff extracts containing 
tannfn are chi^ifly applied, especially in cotton black dyeing, the 
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presence of the tanftin, except so far as th^ cost of the product is 
concerned, is scarcely worthy of notice. 

Archil Preparations. 

• ♦ 

The raw materials aretdifferent kinds of lichei|s, preferably Lecanora 
and Rocella tinctoria^ which are known* by the common name, Plant 
Archil ; the best kinds are obtained from Angola, Ceylon, Madagascar, 
Mozambique, and Zanzibar. ‘•Earth Archil/’ which is largely con- 
taminated with mineral matter| serves chiefly for khe preparation of 
litmus. The most important constituent of' these ^lichens is orcinol, 
which forms dyestuffs and is produced by the decomposition of the 
lichei^ aj: 1 ds during the cheCnical treatment of the lichens. It is coot- 
verted by' the action- of ammonium hydroxide (stale urine,^c.) and air 
into orcein, a magnificent red, crystalline dyestuff. In addition, there 
are produced, according to Zulkowski and Peters,^ a yellow, crystalline 
dyestuff, and an- amorphous dyestuff which is very similar to, and is 
probably identical with, litmus. Solutions of pure orcein in alcohol, 
acetic acid, and acetone have a splendid carmine colour, and acquire a 
magnificent bluish violet colour by the addition of ammonium hydroxide 
and fixed alkalis. The dyeing power of pure orcein is 150 to 200 times 
that of archil extract. Orcinol develops a deep violet coloration with a 
solution of calcium hypochlorite, and on warming with a little chlor£>- 
form in alkaline soluti<jp, forms a purplish red liquid, which shows an 
intense greenish yelbiy. fluorescence after dilution with water (the 
sodium ^It of homofluorescein).^ This sensitive reaction is eny)loyed 
for the recognition of lichens containing orcinol (and therefore suitable 
for the manufacture of archil extract or litmus). A piece of the lichen ^ 
is boiled for a short time with dilute potassium hydroxide, the clear 
liquid is poured off and warmed, after the addition of a drop of 
chloroform, for ten minutes on the water-bath, and is then diluted with 
water. If the lichen contains orcinol or substances yielding orcinol, a 
greenish yellow fluorescence is distinctly perceptible.® 

The amount of dye-forming lichem acids in lichens, which^^ri^ 
from about 2 to 12 per cent^ is estimated by Stenhouse’s proc^a* 5 S^-^ 
follows : — The lichen (100 g.) is rapidly extracted with milk of lime ^f 
the extraction is too prolonged, more than 15 to 30 minutes, a portion 
of the lichen acidS is converted into orcinol, and therefore is not 
precipitated subsequently by the acetic acid) ; the extract, after being 
filtered, is treateci with acetic acid, ^nd the precipitate is collected on a^ 
tared filter, dried at the ordinary temperature, a?Ld weighed. The 

1 Monatsh,^ 1890, II, 227, 

^ Schwarz, Ber,^ 1880, 13, 543. 

^ V. Cochenhausen, Muspratt’s Handbuch der iechnischen Chemie^ ed., vol. iii., p. 230. 
prakU Chem. 1848, 45, 180 ; Annalen^ 1848, 68, 55. 
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method is a good one, but is tedious. A quicker process is the 
following : — 

One hundred grams of the lichen, cut into very small pieces, are 
twice macerated with/^a dilute solution of sodium hydroxide, and are 
thereby exhaustively extracted. Affer filtration, the extract is treated 
with a standard solution of scdium hypochlorite from a burette. At 
the instant when the hypochlorite enters the alkaline lichen extract, a 
blood-red coloration is produced, which disappears after i to 2 minutes 
and the liquid acqpiees a deep yellojvi colour. More hypochlorite is 
now added, and the operation is Repeated with careful shaking so long 
as any further aTldition still produces a red colour (thus indicating that 
u^ioxidised, dye-forming material is still present).^ ^ ^ * 

To a vecy small extent. Archil preparations (see below) -or orcein 
dyestuffs are employed in producing violet colours (without mordants) 
on wool and silk (never on vegetable fibres), and brown and fancy 
colours on wool (and to a smaller extent on silk). Archil preparations 
have been displaced to some extent by various coal tar dyestuffs. 

The chief Archil preparations occurring commei'cially are Archil 
in paste. Archil extract, French purple, and Cudbear. 

The simplest preparation is that of Archil in paste, also known 
shortly as Archil, which is made by treating and stirring the finely 
divided lichens for a few weeks with a solution of ammonium hydroxide 
with free access of air. By shortening the time of preparation, a redder 
Archil is obtained, in other cases a more violet.^ A distinction is drawn 
between Plant Archil and Earth Archil. «■ 

Archil Extract — As the result of its method of preparation, archil 
^in paste contains, in addition to the orcein, impurities, such as the 
ligneous portions of the lichens, undecomposed lichen acids, and mineral 
matter, which are undesirable for certain of its applications in dyeing. 
Consequently, the lichen acids are dissolved by treatment with milk of 
lime,^ and the clear solution is either directly treated with ammonium 
hydroxide and exposed to the air, or the lichen acids are first precipi- 
tated by hydrochloric or sulp)iuric acid, and are then dissolved in 
ammicSiium hydroxide and exposed to the air. According to these 
different methods of treatment and the varying degrees of concentra- 
tion and purity resulting therefrom, the archil extracts are called 
simple, double, concentrated, or archil carmine. 

French Purple (Archil Violet) is prepared as follows:® — The 
lichen acids are first extracted as usual by milk of lime and are pre- 
cipitated by an acid ; they are then dissolved in ammonium hydroxide 
and exposed to the air at the ordinary temperature until, not a violet, 
but a cherry-red colour is produced. After being boiled for some time, 

Cf. also H. E. Watt,/. Soc. Chem. Ind^ 1908, 27, 612. 

® Jahmber, d.jphem. Techn,, 1859, 490. * Spence and Guinon, UitL, 1859, 492. 
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the liquid is placed, t^i a depth of 5 to 6 cm., ip large flat dishes, and 
kept at 70 — 75*^ until it has% become purplish violet. The solid dye-^ 
stuff is precipitated from this solution by sulphurir*»acid or a solution of 
calcium chloride. In the latter case, a calcium la^e, insoluble in water, 
is produced, which before^being eiTiployed in dyeing, must be brought 
into solution by treating a suspension of the Snely divided lake in 
water with ammonitim carbpnate or with oxalic acid or sulphuric acid 
and the subsequent addition of ammonium hydroxide. 

• Cudbear (Red Indigo), like Krpnch purple, is solid mass which is 
obtained by drying Archil extract, or from pknt or earth archil. The 
commercial brands are Cudbear O, I, J I, extra, fine, violet, red violet, 
blue ji^iolct, and red.^ Orchellin is a product which is very rich in 
dyestuflT . 

Archil Carmin and Archil Purple contain archil dyestuffs in a 
state of great purity. 

As mentioned above, a blue violet and a red archil occur 
commercially, the different colour shades being due to the duration 
of the action of ammonium hydroxide and air. 

By treating the former with a small quantity of potassium ferri* 
cyanide it acquires all the properties of red archil. French purple 
differs from archil in that the latter is coloured red by hydrochloric or 
sulphuric acid, whilst the violet shade of French purple is only slight^ 
reddened even by moderately strong hydrochloric or sulphuric acid* 
On the other- hand, tSie magnificent violet solution obtained by 
dissolving^ French purple in moderately concentrated sodium hydroxide 
becomes red when it is saturated with hydrochloric add. 

French purple and aniline violet differ in that the former is only 
slightly reddened by moderately strong hydrochloric acid, but 
becomes decidedly red if treated with sodium hydroxide before being 
acidified, whilst aniline violet yields with hydrochloric acid a blue 
colour, which is so much the purer the more concentrated the acid.^ 

A dye-trial is the only method of estimating the quality of 
archil preparations. A weighed or measured piece of wool is placed^ 
in a bath containing i g. of the archil preparation in 500 c.c. of-^ter, 
which is boiled for half an iiour. The wool, after being cashed and 
dried, is compared with a sample dyed by a good quality of archil. 

The method giyen by v. Cochenhausen ^ is more exact. Five 
grams of the archil or of the archil preparation under examination 
are dissolved ih^i litre of water; 50^ c.c. ofi*this solution are employed 
in dyeing every i g. of wool. The dye-bath contains 10 per cent, (of 
the weight of the wool) of alum or 10 per cent, of alum and 2 per cent. 

1 V. Cochenhausen, Muspratt*s Handhuch der fecknischen Chemie^ 3rd ed., vol. iii., p. 233 * 

^ Mierzinski, Die Erd'-^ Mineral- u. Lackfarhen^ 1881, p. 354 * 

3 Loc. cit., p. 234. 

II 4 E 
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of tartar. The value _ of an archil, in comparison with that of a 
Standard preparation, can be approximately expressed numerically by 
comparing the dyed s:^mple with a scale of i g, samples dyed under the 
same conditions with 

S— 10— i5-.r2o— 25— 30— 35 — 4 oi*- 4 S— 50 c.c. 

of a solution of 5 g. of the standard preparation in r litre of water.^ 

Leeshing ^ detects adulteration of an archil extract with extract of 
logwood or Brazil wood as follows :~~rFifty drops of the extract are 
diluted with about lob c.ca of water, the liquid is faintly acidified with 
acetic acid, treat^ed with fifty drops of a solution of stannous chloride 
(i : 2), and heated to boiling. A pure archil solution is at once almost 
decolorised^ whilst a bjue-grey or a red solution is obtained if extract 
of logwood ^ of Brazil wood respectively is present ; the blue-grey to 
grey colour is produced in the presence of at least 3 to 4 per cent, of 
logwood extract. 

For the detection and estimation of magenta in archil and cudbear, 
Rawson^ has described a very delicate process which indicates even 
I part in 100,000 parts of cudbear : — One to two grams of cudbear (or 
a corresponding amount of the archil liquid) are boiled with 50 c.c. 
of alcohol, diluted with lOO c.c. of water, treated with 15 to 20 c.c. of a 
strong solution of basic lead acetate (sp. gr. 1-25), and, after being 
stirred, with an equal quantity of strong ammonium hydroxide. The 
precipitate is collected and washed, if it is desired to estimate the 
magenta quantitatively, with a mixture of one part of ammop-ium 
hydroxide, five parts of alcohol, and ten parts of water. The filtrate 
^from pure cudbear is colourless, but if magenta is present the filtrate is 
colourless or rose-coloured according to the quantity of ammonium 
hydroxide added. On acidifying with acetic acid the liquid becomes 
red if magenta is present In addition Rawson employs the following 
colorimetric method for the approximately quantitative estimation of 
the detected magenta. A pure magenta solution, containing acetic 
^id, is prepared such that o*oi g. of magenta is present per litre. 
Thes^^ution to be examined is diluted to 250 c.c. and an aliquot 
portion is diluted to 100^ c.c. and placed in one tube of the colorimeter. 
The standard magenta solution is run from a burette into the second 
tube of the colorimeter, until the intensities of the cqlours of the liquids 
in the two tubes are equal. 

A similar but less sensitive method of detectifig magenta is 
described by Schweissinger.^ It d'epends on the fact that the archil 
dyestuff is completely precipitated in half an hour^by lead acetate in 

^ Cf» also Heermann, Mitk K. MatenalprUjungsamt ; Gross^Lichterfehe Wesl^ 19m, p« 41, 

3 CAejn, Gazette^ 1855, 13, 219. ® Chem* News^ 1888, 57, 165. 

^ ^ Pharm, Centr*^ 1887, 95. 
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neutral or faintly j^lkaline solution, whilst tjie magenta remains in 
solution and can be detected in the filtrate. The solution obtain^ 
by extracting 0-25 g. of archil with alcohol is eve^orated on the water- 
bath and the residue is dissolved in 50 c.c. of|Water, precipitated by 
10 c.c. of lead acetate anc^ filtered 3 fter half an hour. * 

Kertesz^ detects magenta or acid •magentt in archil extract by 
repeatedly boiling ^ small .quantity of the extract with ^ fairly large 
volume of water, and filtering until the solution is quite clear. A 
portion of this solution is well ^rr^ixed with benz^ldehyde (oil of bitter 
almonds) in a test tube, and men Stannous* chloride and hydrochloric 
acid are added. After being thoroughly shaken and* kept for a few 
nwnutesdthe liquid separate^ into two layers, the lower of which has a 
magen^-rred colour if magenta is present but otherwise colourless. 
By this means one part of acid magenta can be detected in one thousand 
parts of archil extract. 

By Liebmann and Studer’s method ^ it is also possible at the same 
time *to ascertain whether the adulterant is magenta or acid magenta {cf, 
p. 1000). A cold solution of one part of cudbear in one hundred parts of 
water is saturated with sulphur dioxide. By this means the greatest 
portion of the archil dyestuff is precipitated, whilst the magenta§ remain in 
solution and produce a violet coloration in the liquid after the addition 
of acetone. If the presence of magenta dyestuffs has been thus proved, 
cotton, mordanted with tannin and tartar emetic, is dyed in t*he 
solution which has beAi saturated with sulphur dioxide and filtered ; 
the^iag^nta only (not the acid magenta) is fixed on the fibre. 

Breinl^ has confirmed the trustworthiness of tho preceding process, 
and has published a detailed table of the reactions of archil and of the. 
coal tar dyestuffs which are used as adulterants, with stannous chloride 
and hydrochloric acid, lead acetate (sp. gr. 1-26), sodium chloride, sodium 
hydroxide, concentrated sulphuric acid, hydrochloric acid, and nitric 
acid. 

2. Yellow Dyes 

Quercitron' is brought on the markA in the form of a yellcjjp^h or 
fawn-coloured powder, and #pnsists of the grojand bark, fjeed from tJie 
epidermis, of the Quercus tmctoria^ which is indigenous in America but 
is also cultivated m France and South Germany. The finer and the 
yellower the powder, so much the better is the quality. Quercitrin, the 
light yellow dyestuff in the bark, is decomposed by dilute acids into 
^ki?dulcitol and quercetin. * * • 

The reddish brown decoction of the bark does not keep, and there- 
fore should be prepared only when required for immediate use. The 

1 DingL polyL Jj 88 S, 256, 281. 2 jr Chem, Jnd,^ 1886, 5, 287. 

® Mitt* ieckn.’-Gew* Mus. Wien,^ 1887, p. 37 j J, Soc, Dyers and Col.j 1888, 4, 46. • 
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commercial products are Quercitron Extract, sp. gr. 1-07 to m6, the 
salid residue obtained by evaporating thi^ extract, and also Flavin 
and Quercetin. According to Ganswindt, flavin contains an acid, and 
quercetin a basic, dy^ng principle. Flavin, which hEis been manu- 
factured hitherto only in North America,^ is prepared as follows, 
according to Soxhlet'A' — Oije thousand kilos of the bark are 
extracted with 2-5 cbm. of water in closed^ vessels^ the quercitrin is 
more readily dissolved if the vVater contains S to 7 per cent, (of the 
weight of the bark) of crystallised sodiuip carbonate, or a corresponding 
quantity of borax or amnwnium hydroxide. An alternative process is 
to dilute quercitfion extract to the corresponding extent with water, and 
to treat the boiling solution with alkaline substances and to heat h at 
the boiling point for one hour (an operation which exercises the greatest 
^ influence on 'the quality of the product) with a diluted mixture of two 
"parts of sulphuric acid and three parts of hydrochloric acid, which 
mixture may contain with advantage a definite amount of metallic tin 
in solution. The operation results in a fairly smooth decomposition of 
the quercitrin into quercetin and Aodulcitol. When the boiling is 
finished the liquid is passed through a filter-press and the product on 
the filter is dried. The yield amounts only to 4 to 10 per cent, of 
flavin of very variable quality. Good flavin has about twelve to 
eighteen times the dyeing value of quercitron bark and quercitron 
extract, produces much purer shades, and also does not contain tannin. 

Quercetine industrielle is prepared in exactly the converse way, by 
extracting the bark or treating the diluted extract with a m^xtur^e of 
sulphuric and hydrochloric acids and precipitating the filtrate with 
alkalis. By treating flavin with concentrated nitric acid (36° Bd.) a 
product is obtained which is even stronger than this, and gives other 
dyeing effects. 

Quercitron produces a beautiful colour and has a strong dyeing 
power (three times as great as that of fustic and eight times that of 
weld). 

It is still employed for dyeing wool and cotton, for the production 
of nK^sd colours, and for shading logwood black. 

r-Good quercitron bark is pale yellow. The appearance is to some 
extent a criterion of the quality, but in addition the amount of water 
and of ash (sign of adulteration with clay or sand) in J:he bark or extract 
is estimated. The extract is adulterated with dextrin and glue ; flavin 
frequently contains as much as 25 per-cent, of anhydrous s’bdium sulphate 
©r of sodium chloride, and feels damp in the latter case. Soxhlet states 
{loc. cit) that good flavin should not be completely ^soluble in boiling 
water, the solution should be turbid and pale ; a precipitate should not 
be produced by the addition of aluminium sulphate, but the colour of 

^ Chem. ZeiU^ 1890, 13, 1345, 
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the liquid should distantly change to bright yellow. An aqueous 
solution of flavin, kept in «an open vessel, loses all its dyeing po'w^r 
in a few days. 

The amount of dyestuff in the bark or the extract and also adultera- 
tion of the latter with dextrin, gllfe, etc., or of the former with fustic, 
are ascertained by dye-trials.^ * ‘ * 

Wool is soakec? in i-S per cent, of stannous chloride an , 4 3 per cent, 
of oxalic acid, and after being jvashed is dyed with 20 ‘ac. (for every i 
g. of wool) of a solution of 10 g. qf quercitron ext'-aft or the correspond- 
ing quantity of quercitron b*k ii!^ i litre*of water. The amount of 
dyestuff, in comparison with pure flavin or a good ciXtract or a good 
bar]f, cam be approximately expressed numerically by dyeing i g. pieces 
of woollen skein with r, 2, 3, .... 8, 9, 10, .*. . . 18,^?, 20 c.c. of a 
solution of the standard dyestuff prepared in the same way. 

• Fustic, which is usually placed on the market in the form of billets, 
consists of the very hard, glistening yellow stem of the Monts tinctoria, 
which flourishes in the West Indies, Brazil, and Mexico. The best 
kind of fustic comes from Cuba, whilst a very common commercial 
article is Tampico fustic ; in addition to these, the Brazil, Porto Rica, 
and Jamaica fustics are well known. Fustic should have a bsight citron 
yellow colour and is frequently seamed by red veins. It is employed 
either as a powder or in chips or as an extract (Cuba extract). ^ It 
contains the calcium compound of morin, which is colourless itself, and 
maclurin. Owing to the presence of the latter, fustic is also used for 
prOTUciiig black dyes. Fustic must be extracted with steam, and a 
little gelatin must be added to the dye-bath since both operations 
exercise a beneficial influence on the brightness and beauty of th« 
colour. The effect of the gelatin — about 5 per cent, of the fustic 
employed — is to precipitate the maclurin, which produces turbid brownish 
colours by too prolonged boiling in the dye-bath. On precisely similar 
grounds the quercitron dye-bath is treated with glue or alum. J. Nowak, 
Sohne, and K. Benda of Smichow-Prague ^ manufacture a product under 
the name “ morin,” which is obtained^ by extracting rasped fustic viith 
boiling water, and 2 per cent of sodium carbonate and conce^ffifing 
the solution until its sp. gi-.Ts i-04i. • • = 

Santiago New Yellows E and K are fustic preparations which are 
obtained by a new^process by the firm of G. Eberle & Co. (Stuttgart). 
The brand E hr wholly oxidised, and is particularly suitable for dyeing 
wool and cotton in pale shades; tJie brafld K is only partly oxidised, 
and is therefore to be recommended for use viith oxidising mof- 
dants. • 

The condensation products of fustic extract and diazo compounds, 

^ V. Cochenhausen Muspratt’s, Handbuck der technischen Chemie, 3rd ed., vol. iii., p. 259. 

2 D. R.-P., 2552 ; Ber., 1878, II, 1951. 
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which are known as Patent i?ustin, are also u^ed. Chromed wool 
W dyed yellow-brown by them. ^ 

V. CochenhausenUestimates the dyestuff in the wood or extract 
as follows : — Wool is staked for three-quarters of an hour in a solution 
containing • lO per cent, of alum, and is wa^shed ; it is then dyed at 
8o — 90° for three-quai'cers of ^11 hour in a solution of 10 g. of fustic 
extract or a^decoction of -a corresponding quantity cf fustic in 1000 c.c. 
of water, 10 c.c. of the solution being^ taken for every i g. of wool. 
The amount of dyestuff, in comparispn with that in a good extract or 
wood, can be approxima/^^ly expressed numerically by dyeing ten 
samples of mord^anted woollen skein with i, 2, 3, ... 8, 9, 10 c.c. of a 
solution, prepared in the same way, of the^ standard extract wood. 
Fustic in cpnjunction with other dye-woods is employed in \vSol and 
^ cotton dyeing for the production of mixed colours (brown, olive) and 
for shading logwood black. 

Weld consists of the dried stalks and leaves of the odourless plant. 
Reseda luteola, which grows wild and is also cultivated. The more 
rapidly the weld is dried the more pronounced is its dyeing power. It 
produces very beautiful, fast colours particularly in combination with 
alum on wpol and silk, but has nevertheless been replaced by the much 
more powerful quercitron. The well-known weld-green is, however, 
produced on silk by adding indigo-carmin and sulphuric acid to the 
weld dye-bath. 

Welds are distinguished as French, GermatT, and English, the last 
being of little value. ^ ^ 

Persian berries are the unripe fruit, gathered while still green, of 
a few species of the Rkammis^ and have a greenish yellow colour when 
dried. The berries should not be used immediately after they have 
been gathered, nor when they are more than a year old, since in both 
cases the dyestuff is not at all strong. The aqueous decoction of 
Persian berries has a greenish brown colour which is changed to orange 
by alkalis. It produces a beautiful and fairly permanent yellow, which 
fields application in paper manufacture. Extract of Persian berries is 
extess^ely employed in calico-printing for the preparation of Steam 
Orange, Green and Olive, ^ 

Blackened Persian berries should not be willingly accepted, because 
the colour indicates that the berries have been stpred while damp or 
have been gathered when ripe. The value of Persian berries is 
estimated by dye-trials in the* manner described under Fustic. 

^ Annatto is a dyestuff obtained from the fruit of Bixa orellana; 
almost its only use at the present day is for colouring butter and 
varnishes. It is brought on the market in the form of a plastic red 
paste, which is superficially brownish red, has an unpleasant odour, 

'' ^ MuspraWs Handhuch der technischen Chemie^ 3rd ed., vol. iil, p. 262. 
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and may contain many impurities such as leaves, starch, pieces of wood 
gum, brick dust, colcathar, and bolus. ’ ^ 

On account of the very variable percentage* of water all tests of 
annatto must be performed with samples dried at ioo°. The ash is 
estimated by calcining 5 g. of the dried annatto, * Good qualities contain 
8 to 13 per cent, of asH* A percentage of ash exceeding 15 is con- 
clusive proof of adulteration with mineral matter; this can also be 
easily detected by grinding' the annatto with water. Cpmparative dye- 
trials of annatto" are conveniently performed as follows.^ A bath con- 
taining 7 * . ^ * 

• For cotton. ^ For silk. 

Annatto, dried at ioo° and powdered . 5 S’* o*5 §■- 

• .^'fartar . . • . . . lo g. i-o g* 

Distilled water .... 200 g. ^00 g. 

% 

is heated to boiling, and in it is placed a skein consisting of 1 2 g. of ^ 
cotton and 2 g. of white silk. After boiling for fifteen nainutes the 
sourt:e of heat is removed ; after an hour each skein is removed from 
its bath, wrung out, washed in a large quantity of water, and allowed to 
dry in the shade. The depths of the shades of the individual skeins 
are compared. The best quality of annatto is that which most nearly 
produces the same shade as the annatto which has been selected as the 
type. 

Annatto contains two dyestuffs, bixin and orellin. The former 
yields with concentra 4 ed sulphuric acid a deep blue colour, untinged 
wilji green or brown. Impure or spoilt annatto, on the other hand, 
produces a greenish or blackish colour. 

3. Red Dyes 

Cochineal has been almost entirely superseded by artificial dyestuffs, 
but is still employed to some extent in dyeing wool the scarlet 
cloth for the British army) and silk. Cochineal is an insect, Coccus 
cactiy which lives on cactus leaves, is bred mostly in plantations, and 
multiplies with extraordinary rapidity. Cochineal (mestequ^^^^ed 
in plantations is much superior to the wood or field rd^ineal 
(silvestra). The method of treating the gathered insects '"also "has 
the greatest effect on the quality. The best quality is obtained by 
exposing the gathered insects to direct sunlight, whereby they are 
quickly killed^and the prized silver-grey colour (mesteque jaspeada) is 
produced. Dark brown or blackish brown cochineal (mesteque negra) 
is obtained by drying the insects in ovens on ht)t plates or earthen 
pans. The worSt (brownish red) quality (mesteque renegrida) is 
produced when the collected insects are killed by rapid immersion ia 

^ Micrzinski) Die Erd^^ Mineral- und Lackfarheriy i38i, 344*- 
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hot water and are then allowed to dry slowly. ^The quality is also 
largely dependent on th£ time at which the insects are collected. The 
first brood, in which pierely the pregnant ‘females are collected, is the 
best ; in the second gathering young insects also are tal?en, and in the 
third harvest, which must be gathered hastily and at the right moment 
on account of the approaching rainy season,^many very young insects 
together with much foreign matter, are found. ^ 

The cochineal insect is bred in Mexico, South America, Algiers, the 
Canary Isles, and Java. Four main kinds are placed on the market; 
Vera Cruz, Honduras,' Can|.ry, and Java icochineal. 

According to Mierzinski^ a good cochineal consists of blackish or 
bluish dark red insects, which have a silvery-grey appearance, „are 2 to 
2--S mm. long, and semi-oval in shape; they are easily friable, "^and 
, produce a ’'bftter and" slightly a.stringent taste. The slightly arched 
back shows a series of parallel furrows, and the under-surface is flat or 
concave. The ground insects form a fine dark red powder. After 
twelve to fifteen hours’ immersion in water, the insects swell ufi and 
then the proboscis and also the feet on the under-side can be seen 
through the microscope. At the same time the water acquires an 
intense crimson red colour. Spurious cochineal is converted into a 
broth by Chis treatment, and the gum by which the artificial mass is 
cemented, becomes obvious. 

-.Various commercial preparations are produced from cochineal on a 
manufacturing scale ; — r 

1. Cake Cochineal is cochineal stamped into cakes, containing about 
80 per gent, of the dyestuff of ordinary cochineal. 

2. Carmin Lake (Florentine lake, Munich lake, Vienna lake). — An 
iilkaline decoction of cochineal is precipitated by alum or by alum and 
stannous chloride. The carmine lakes are employed as water- and oil- 
colours in tapestry printing and in lithographic printing. 

3. Carmin . — The aqueous extract of finely ground cochineal, with 
or without the addition of sodium carbonate, is precipitated by a weak 
acid or an acid salt Details of the different processes are trade secrets, 
v.^a ^he nhausen ^ describes ther principles of the various methods, of 
whiclithe following is given here : 500 g. of the finely powdered 
cochineal are Soiled for a quarter of an hour with thirty times the weight 
of distilled water, 30 g. of tartar are added, the boiling is continued for 
another ten minutes, then 15 g. of alum are added, and the mixture is 
boiled once again for two minutes. The clarified liquicf is allowed to 
rpmain in flat glass vessels. The feparated carmin is washed with 
water and dried in the shade. 

It is probable that carmin is not an ordinary compound of a 


^ Du Drd“y Minsrat- und Lachfarhen^ l88i, p. 151. 

^ ® Muspratt’s Handhuch der technischen Ckemie^ 3rd ed., vol. iii,, p. 247* 
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dyestuff and alumina but consists of an*aluminium-calcium albuminate 
of the carmin dyestuff. ^ 

4. Ammoniacal Cochineal — One part of ground^cochineal is submitted 
to the action (tf three parts of ammonium hydroxide for four weeks 
in the complete absence of air, then 0-4 part of freshly precipitated 
aluminium hydroxide is •added, and th^e mixture is evaporated in a 
copper boiler until ^he odour of ammonia is no longer perceptible. It 
is sold in t];ie form of smalh tablets and as a paste. 

• On account of its high price ^cochineal is very frequently liable to 
be adulterated, especially withfparticles of kad, lead filings, sand, and 
the like. The impurities mentioned ^re easily detected by grinding 
about o*5^g. of cochineal in^ a porcelain mortar and triturating it with 
water. ^Frequently also the dyestuff of the (unground) upchineal is 
extracted, and the cochineal grains are then placed in \ solution of 
extract of Brazil wood, the artificially recoloured cochineal being then 
shaken with talc or white lead in order to produce the appearance of 
the Natural, good (silvery grey) cochineal. The latter procedure is 
often practised on the worst quality of cochineal (mesteque renegrida) 
(see above) for the same purpose. A white powder comes off when 
such cochineal is rubbed between the hands, and blackening is 
produced by hydrogen sulphide if white lead has been used. Lime 
water does not change the colour of the aqueous extract of such 
cochineal, whilst it converts the colour of a genuine cochineal into 
violet. Adulteration i 5 a^lso carried out with powdered archil and 
dragon’s blood (see below). . An abnormal percentage of ash points to 
adulteration with red dyestuff lakes. .. • 

Adulteration of Cochineal Carmin with the Lakes of Coal tar ^ 
Dyestuffs} — The addition of such is detected by the incomplete 
solubility of the adulterated product in ammonium hydroxide as well as 
by an estimation of the ash. 

Genuine cochineal carmin dissolves completely in ammonium 
hydroxide ; the lakes of coal tar dyestuffs do not The adulteration 
can be detected by merely heating carefully a small quahtity of genuijj^ 
carmin in one porcelain crucible and about the same amount^^he 
sample under examination #in a second crucijple. The (^dour of the 
decomposing genuine carmin resembles that of protein substances 
decomposing by heating, whilst from the odour of the adulterated 
products in question some idea can at once be obtained of the nature 
of the adultefant; eosin lake produce® an appreciable odour of 
bromine by heating, peony lake tne odour of pheqol, and the baryta* 
lake of Biebrich ^scarlet an equally characteristic odour, which is 
instantly distinguished from that of the genuine carmin. 

After complete combustion adulterated samples leave a greater 
^ E, Donath, Farber^Zeit^ 1894-95, 6, 174. 
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residue of ash, by the qualitative examinatic^ of which further 
hiformation can be obtained. ^ 

The valuation of^cochineal can be determined colorimetrically by 
dye-trials, or by the volumetric estimation of the amouni: of dyestuff. 

(a) Cohrimetric Estimation. — On^ gram of cochineal is exhaustively 
extracted with boiling water,^a few drops of alkali are added if the 
solution has an orange • tinge, and the s^olution ns examined by a 
colorimeter, Hguton-Labillardiere's, Salleron's, Collardeau's, pr Muller’s, 
or the simplest plan is to use two adjacent burettes of the same 
dimensions, one of which contains ^the ^andard solution and the other 
the liquid undel!^,examination, a^cf to dilute the more strongly coloured 
solution until the intensities of both are the same. ^ 

f r 

{b) Dy 0 rials . — According to v. Cochenhausen,^ i g, of .{Towdered 
cochineal is fepeatedly boiled with water and the combined extracts are 
diluted to i litre with water. For every i g. of woollen skein used in 
the dyeing, loo c.c. of this solution are taken, diluted with water, and 
treated with 3 per cent, of oxalic acid and 1-5 per cent of stannous 
chloride (calculated on the weight of the wool). In the dye-bath thus 
prepared, the skein, after previously being thoroughly soaked, is slowly 
heated until after half an hour the bath boils ; the boiling is continued 
for yet another half-hour. Also, the wool can be previously soaked with 
stannous chlorid-e and oxalic acid, and after being washed be dyed in 
a*'fresh bath with the same quantity of the cochineal decoction. If it 
is desired to compare the cochineal under exanTination'^with a standard 
sample, a decoction of i. g. of the latter is prepared in t^ mariner 
described, and i g,^ pieces of wool are dyed, with the addition of oxalic 
acid and stannous chloride, with 10, 20, 30, 40, 50, 60, 70, 80, 90, lOO c.c. 

' of the decoction. By means of the scale thus obtained the value of a 
cochineal, in comparison with that of a standard sample, can be 
expressed numerically. 

{c) Volumetric Estimations . — The best method is that of Lowenthal^ 
Five grams of whole cochineal are first boiled for one hour with i|- 
Itoes of distilled water, the extract is poured through an ordinary tea- 
strifciijgr, and the cochineal remaining in the strainer is again boiled for 
t^ree-quartgrs of an hour with i litre of distilled water. After cooling 
and diluting to 2 litres, 100 c.c. of the resulting solution are diluted to 
I litre, treated with a measured volume of indigo-^jarmin solution and 
titrated with potassium permanganate. In the same way a good standard 
cochineal is treated and titrated. If, for example, the last plus the 
^indigo solution re(juire 25*6 c.c. of'^permanganate, the cochineal under 
examination plus the indigo solution require 2i-o c.c., and the indigo 
solution employed alone requires ii-2 c.c., then the amounts of dyestuff 

^ Muspratt’s Handhuch der technischen Ck^mie^ 3rd ed., vol ui., p. 23 
' Z. cmak 1877, id, 179. 
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in the two cochineals ^are as 25-6~ 11*2 1*2, that is, as 14-2: 9-8 

or 100:6805. ^ • 

Penny ^ employs a standard solution of pota^ium ferricyanide for 
the estimation. *One gram of finely powdered cochineal is boiled with 
SO g, of dilute potassium ^.hydroxide, and after the addifldn of 25 
C.C. of water the mixture it treated drop l^y drop #ith a solution of 5 g. 
of potassium ferricyanide in^ i litre of water until the solytion has a 
yellowish b^own instead of a pyrple-red colour. The potassium ferri- 
cyanide is standardised by a solution of i g. of a standard cochineal in 
dilute potassium hydroxide. # • # * 

Merson’s^ process depends on a* ’^olumetric determination of the 
quantity £>{ sodium (or calcium) hypochlorite solution, containing i pej 
cent, of Active chlorine, required to decolorise a faintly ammoni^al extract 
of the finely powdered cochineal. About 20 c.c. of the ^hypochlorite 
solution would be required to decolorise i g. of the best cochineal. 
The colour value of such a sample is denoted by 100. 

There is no direct relation between the percentage of ash and the 
colour value. The amount of ash in unadulterated cochineals, which is 
found to vary between 2-4 and 43*6 per cent, in the commercial products, 
ought not to exceed 4 per cent according to Merson. Moreover it is 
only of secondary importance. Dark cochineal, as a rule, possesses a 
greater dyeing value than the silvery-grey, and also in general is less 
frequently adulterated. Barium sulphate, lime, and earthy substances 
are used as adulterants.* 

Sarmyj, like cochineal, can be estimated by the hypochlorite 
method. The amount of ash varies between 4-8 and 8-5 per c^t, but 
is also of slight significance. 

Brazil Wood occurs in many varieties (Brazil, St Martha, 
Nicaragua, Japan, Lima, Brasiliette, California, and Columbia wood) in 
Brazil, Central America, Jamaica, the Antilles, the East Indies, Japan, 
etc., and is brought on the market in the form of stout pieces, rasped, 
or as a powder, or finally as a liquid or a solid extract (for which the 
Lima and the St Martha woods in particular are employed). The di^ 
red-brown to blue-black wood is odourless, has a sweetish tasj^^nd 
when chewed colours the saliva red. Ground frazil wooci differs from 
logwood by imparting a bright colour to cold water in about a quarter 
of an hour. The cqjours produced by Brazil wood are beautiful, but by 
no means permanent Powdered Brazil wood no longer contains any 
dyestuff after S year’s exposure to the light On the other hand, a 
decoction of Brazil wood improves with time whe^ kept cold and in* 
the dark (due to fermentation, deoxidation of a few retarding substances, 

1 /, prakt C^em.y 1857, 71, 1 1 9. 

2 Pharm.J^ 1900, 64, 309 ; cf, also J. M. Merrick’s method of estimation by titration with 
permanganate, Pharm^J.^ 1871 [ii.], i, 906. 
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and separation of the tannin).*' It is also a goo^ plan to add a little 
skimmed milk during the extraction. Preliminary fermentation of the 
damp Brazil wood piSwder (moistened every few days with a solution of 
I kg. of gelatin in lOO kg. of water) has the effect of facilitating and 
improving' the extraction of the dyeStufif. , 

The substance foilning the dyestuff of Brazil wood is brasilin, which 
is converte/d into brasilein by oxidation in^ilkaline^solution in the air. 

Brasilin isrfixed on the fibre only -in the form of a kke, usually 
the alumina lake. .^Imost its only _uses are for shading other coloQrs 
on cotton and for the preparation cTf wood brown on wool. The 
colours product by Brazil wood are very unstable. The following 
estimations can be performed when estimating the value of Brazil-wood 
or of its esftracts : — 

1. Estimation of Water and Ash with 5 g. of extract or lo g. 
of chips. 

2. Colorimetric Examination (especially of extracts). — Trimble’s 
simple method^ is used. The percentage of water in the extract 
having been previously determined, such a quantity of the extract is 
taken that i litre of the solution contains exactly i g. of dry extract. 
Also 2 g, of pure recrystallised copper sulphate are made up to a litre 
with water. Next, i c,c. of the extract solution (of the above con- 
centration and prepared from the best commercial extract or from pure 
haematoxylin) is treated with 10 c.c. of water and i c,c. of the copper 
sulphate solution ; the mixture is rapidly heateS to boiling, poured into 
a graduated cylinder, and diluted to lOO c.c. with distilled w^ter. •The 
extract under examination is treated in exactly the same way, and its 

^ coloured solution is diluted with water in a similar graduated cylinder 
until both liquids, viewed from above, have exactly the same colour. 
On account of the rapidity with which its colour changes the type, 
solution must be renewed every ten to fifteen minutes. 

3. Dye-trials } — The decoction of 5 g. of extract or 20 g. of wood 
is diluted to i litre. If wool is employed for the dye-trial it is soaked 
i^ a solution containing 3 per cent, of potassium bichromate without 
thff'addition of any sulphuric acid, and is dyed in the extract solution, 

c.c. for wery i g. of wool Before cc?tton is dyed it is placed in a 
solution of aluminium acetate (sp. gr. 1*037), wrung out, and suspended 
for some time in warm, damp air, or it is first treats with a solution of 
3 per cent, of tannin, and then, without washing, with a solution of 
aluminium acetate or stannous cl^loride, or with a mixture of both 
^(sp. gr. 1*037), ^ti-d is then washed. For the dyeing, 20 c.c. of the 
extract solution are employed for every i g. of cottqn. 

“Purple lake red pale,” “mean,” and “dark” are light purple or 

1 y. Soc, Dyers and CoU^ 1885, i, 92. 

^ V. Coclienha^sen, Muspratt^s Handhuch der Uchntschen Chemu^ 3rd ed,, vol. iii., p. 211. 
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darker purplish red lake dyes obtained ty precipitating with sodium 
carbonate an aqueous extract^of Brazil wood containing alum.^ “ Purple 
light red,” a pale purple-red dye, is similarly prepafed, a little magenta 
being added to the solution of the Brazil wood extract. 

Madder. — Madder is the root of a perennial plant, Rudid, \/hich is 
indigenous to Central AsKa' and Southeijn ^Europe. The commercial 
product, obtained by grinding the roots, is • a yellowish, brown or 
brownish r^d powder; the e^itire roots (alizarin) ane very rarely 
placed on the market. ^ 

The following adulterants hme been founci in it Brick dust, sand, 
clay, ochre, certain dye-woods (Brazil wbqd, sanders wood^tc.), substances 
containing tannin, etc. 

The tfesting of madder as well as of madder preparations ^Garancin) 
is performed by dye-trials. * 

* Safflower consists of the dried petals of the Carthamus tmctorius^ 
which flourishes especially in Egypt, in good quality; it contains a 
yellow" dyestuff, insoluble in water, and a red dyestuff (carthamin), 
which is insoluble in water. To prepare the latter, a large quantity of 
safflower is extracted with cold water until the latter is only faintly 
coloured yellow. The mass is then strongly squeezed, macerated for 
some hours with a 0*15 per cent, solution of sodium carbonate, and 
again pressed ; the liquid is filtered clear through canvas, the carthamin 
is precipitated by acetic acid and purified by repeated solution in alcohol 
and precipitation"" by^wafer.^ Carthamin occurs commercially in a solid 
form^ und^r the name safflower red, and in a liquid form as safflower 
extract or safflower carmin. The quality of safflower is recognised by 
its fiery-red colour. Dull-coloured safflower has been gathered late or 
badly dried. Good safflower should not contain pieces of wood, leaves, 
sand, or blackened flowers. Carthamin, mixed with powdered chalk, 
is used as a red paint. In silk and cotton dyeing, safflower has been 
almost entirely superseded by artificial dyestuffs such as safranine, 
eosin, and rhodamine S. The fire of the colour is heightened by the 
addition of a little annatto. To produce very dark shades, one-third df 
archil is added. ' ^ ^ 

Dragon’s blood is obtagaed by boiling th^ red resinpus juice ^f 
several kinds of calamus. The best kind occurs in dark brown balls, 
which produce a Ijeautiful bright red powder by grinding. When 
heated, it evolves an odour of benzoic acid, of which it contains a small 
quantity. It dissolves very easily in alcohol and oils with a red colour, 
and in alkalis with a more violet cofour. By reason oi its deep, blood-* 
red colour, it is frequently employed in making varnishes, etc. 

Cutch (Catechu^ is obtained by boiling the wood of the Acacia 

1 DingLpolyUj., 1898, 308, 1 5 5. 

^ Cf, also Kametaka and A, G. Perkin, Trans. Chm. Soc,^ 1910, 57, 1415. 
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catechu, the wood and the fruit of the betel or arcfanus, with water, and 
'2vaporating the resulting solution to a syrppy consistence. 

The chief kinds^' are ; Bombay, Bengal, and Pegu cutch. They 
^ consist of large, irregular light to dark brown lumps, which dissolve in 
water wfch a dark brown colour and^possess a bitter, astringent taste. 

Gambier (Yellow^Cdtec/my^Czibical Ctitciifxs obtained by boiling the 
^ leaves of Up^caria gambir, and consists of c;ipaque, brownish yellow dice, 
3 to 4 cm. long^ or blocks which are slightly soluble in cold water and 
dissolve almost completely in hot wafer. 

Catechu and Gambier <5ontain t^ariable amounts of catechin, catechu- 
tannic acid and^a brown substai^ce, which is produced by the oxidation 
of the first during the manufacture. ^They possess a «)Swe^tkh, 
astringentctaste. 

^ Gambier*^ chiefly contains catechin. Greshoff^ has described a 
method for its examination, 

Katechu preparations are obtained by heating brown or yellow 
catechu with potassium bichromate or aluminium sulphate or copper 
sulphate. 

Catechu and Gambier are employed in^rlarge quantities in cotton 
dyeing a^d printing, and in dyeing (weighting) silk. 

The different kinds show distinct differences in colour, strength, and 
shade. Frequently it is found that mineral matter (sand, sodium 
chloride), starch, dextrin, and dried blood have been added. 

Mineral constituents are determined by estimating the ash. Good 
kinds should not contain more than 3 to 4 per cent of ^sh. 'The 
amount of water varies between 15 and 25 per cent 

Comparative dye-trials, or a search for adulterants, represent the 
‘^only satisfactory method of testing the quality.^ 

Kino (Kino gum) is the thickened juice of Pterocarpiis marsupium ; 
it consists of small, glistening brown or blackish red pieces, and 
resembles catechu. 

Chestnut extract is obtained from the wood of the horse-chestnut, 
a^d is put on the market in the form of glistening black pieces or as a 
brcjwn^syrup. It is used for producing black dyes, especially in silk 
dyeing. Th^ examination is conducted siUf^ilarly to that of catechu. 
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TABLE I. {Text, p. 103.), 


Table of Charges for the Dry Assay lof Silver Ores in Grams. 


r 

Siliceous, 

Basic. 

Pyritic. 

Cupriferous 

Pyritic. 



w - 



Ore ..... 

25- 

25 

25 

20 

Red lead . , . 

30 

30 ^ 

- 40 

60 

Charcoal .... 

1-5 

2 to 3 



Sodium carbonaie . 

40 

-20 

30 

26 

Borax 

5 

20 

15 

20 , 


Table Charges for the Dry Assay of Silver Ores 
in Assay Tons. 



Siliceous. 

Basic. 

Pyritic. 

Cupriferous 

Pyritic. 

Ore 

1-0 

1*0 

1-0 

' 0-5 

Red lead .... 

1*0 

1-0 

1*25 

2.-0 

Charcoal .... 

0-05 

0-06 to 0-1 

• • « 

• •• 

Sodium carbonate . 

1*0 

0-75 

1 1-0 

0*5 

Borax .... 

0*2 

0-75 

0-5 

0*5 


[A'b/*?. -^-Charges for ores containing stibnite, arsenical pyrites, cassiterite, tellurides, etc., 
are given under “ Gold,” pp. 127 ei 


TABLE II. (Text, p, 108.) 


Table for computing the Troy Weight' of Gold or Silver 
per Long and Short Ton. 


Per cent. 

Per ton of 

2240 lb. 

Per ton of 

2000 lb. 

Per cent. 

Per ton of 

2240 lb. 

Per ton of 

2000 lb. 

0-0001 

oz. 

dwt. 

gr. 

16 

oz. 

dwt. 

gr. 

14 

0*06 

oz. 

19 

dwt. 

12 

gr. 

0 

oz. 

17 

dwt. 

10 

gr. 

0 

0*0002 


i 

7 


i 

4 

0-07 

22 

17 

8 

20 

8 

9 

0-0003 

... 

1 

23 


1 

18 

0*08 

26 

2 

16 

23 

6 

17 

0*0004 


2 

15 


2 

8 

0*09 

29 

8 

0 

26 

5 

0 

0*0005 


3 

6 


2 

22 

0*1 

32 

13 

8 

29 

3 

8 

0*0006 


3 

22 


3 

12 

0*2 

65 

6 

16 

58 

7 

0 

o-oao7 


4 

14 


4 

.2 

0*3 

98 

0 

0 

87 

10 

0 

A-0008 


5 

5 


*1: 

16 

0*4 

130 

13 

8 

116 

14 

0 

O'OOUii! 


5 

21 


5 

6 

0*5 

163 

6 

16 

145 

17 

0 

- 0*001 

T.. 

6 

13 


5 

20 

0-6- 

196 

0 

0 

175 

0 

0 

0*002 


13 

2 


11 

16 

0*7 

228 

13 

8 

204 

4 

0 

0*003 


19 

14 


17 

12 

0*8 

261 

6 

16 

233 

7 

0 

0-004 

i 

6 

3 

i 

3 

8 

0*9 

294 

^0 

0 

262 

10 

0 

0*005 

1 

12 

16 

1 

9 

4 

1*0 

826 

13 

8 

291 

14 

0 

0*006 i 

1 

19 

5 

1 

15 

0 

2*0 

653 

6 

16 

683 

8 

0 

0*007 

2 

5 

18 

2 

- 0 

20 

3*0 

980 

0 

0 . 

875 

2 

0" 

0*008 

2 

12 

6 

2 

6 

16" 

4*0 

1306 

13 

8 

1166 

16 

0 

0*009 

2 

18 ^ 

19 

2 

12 

12 

5*0 

1638 

6 

16 

1458 

10 

0 

0*01 

3 

5 

8 

2 

18 

8 

6*0 

1960 

0 

0 

1750 

4 

0 

0*02 

6 

10 

16 

5 

16 

16 

7-0 

2286 

23 

8 

2041-x 18 

0 

0*03 

9 

16 

0 

8 

15 

0 

8‘0 

2613 

6 

16 

2383 

12 

0 

0*04 

13 

1 

8 

11 

13 

8 

9*0 

2940 

0 

0 

2625 

6 

0 

5*05 

16 

6 

16 

14 

11 

16 

10*0 

3266 

13 

8 

2916 

14 

0 
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TABLE III. {Text, pp. 360-73.) 


Tables of SpArMc Gravities, of Metallic Salts. 

♦ 

Ferrous Sulphate at 15°. Gerlach. 


Per cent. 
PeS04+7H20. 

• 1 

Spec. graj-. 

r! 

^ Per cent. 

FeS04+7]»2C>. 

« 

Spec, grav. 

1 

1*005 

• 

15 

'^1-082 

2 

1^011 

20 

1*112 

3 

1*016 

25 

1*143 ^ 

4 

1*021 

30 

1*17^ 

5 

1*027 

35 

1*206 

10 

1*054 

40 

1*239 


Ferric Sulphate at 15 °. Wolff. 


Per cent. 

Fe2CS04)3. 

% 

Spec. grav. 

Per cent. 
Fe2CS04)3. 

Spec. grav. • 

5 

1*0426 

35 

1*3782 

10 

1*0854 

40 

1*4506 

1^ 

, 1*1324 

45 

1*5298 

20 

-*■ 1*1825 

50 

1'6148 

25 

1*2426 

55 

1*7050 , 

30 

1*3090 

60 

1*8006 [ 

• 1 


Ferric Chloride at 17°' 5 * Franz. 


Per cent. 
Fe20l6* 

Spec. grav. 

Per cent. 
Fe^^Glg. 

Spec. grav. 

2 

1*015 

22 

1*175 

4 

1*029 

24 

V 195 

6 

1*044 

26 

1*216 

8 

1*058 

28 

1-237 

10 

1*073 

♦ 80 

1-257 • 

12 

1*086 

82 

1-278 

14 

1*105 

34 

1-299 

16 

1*1«2 I 

36 

1-320 

18 

1*138 

38 

1-341 

20 

♦ 1*154 

» 

40 

1-362 

« 


Per cent. 
FeaOle. 


42 

44 

46 

48 

50 

52 

54 

56 

58 

60 


Spec. grav. 


1*387 

1*412 


*462 

1-487 

1*515 

1*544 

1*573 

1*602 

1*632 
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Tables of Specific Gravities of Metallic Salts— Conthmed, 

, c 

Potassium Chromate at I9°*S. Kremers, Schiff, and Gerlach. 


Per cent. 
K2Cr04. 

j- 

^ Spec, 
gray. 

Per cent. 

Spec. 

grav. 

r 

Per cent. 
K 2 Cr 04 /' 

Spec, 
r gray. 

Per cent. 
KoCr 04 . 

Spec. 

gray. 

1 

i-008 

11 

1*093 

21 ^ 

1*186 

31 

1*292 

2 

1*016: 

12 

1*101 


1*196 

32 r 

1*304 

3 

1*024 

13 

1*110 

23 

1-207 

33 

1*315 

4 

1*033 

r n4 

1*120 

r 24 

1*217 

34 

1*327 

5 

1*041 

15 

^ 1*129 

ft5 

1*227 

35 

1-339- 

6 

l*049c 

16 

1*138 ^ 

26 

1*238 

36 “ 

1*351 

7 

1*058 

17 

1*1^/ 

27 

1*249 

37 

1*363 

8 

1*066 

18 

1*157 

28 

1*259 

88 

r 1*3^5- 

-9 


19 

1*167 

29 " 

1*270 

39 

e 1*387 

10 

I-Q84 

2G 

1*177 

30 

1*281 

40 

• 1*399 


Potassium Bichromate at i9°*S‘ Kremers and Gerlach, 


Per cent. 
K 2 Cr 207 . 

Spec. gray. 

Per cent. 

K2Cr207. 

Spec. gray. 

Per cent. 
K 2 Cr 207 . 

Spec. gray. 

r - 

1-007 

6 

1-043 

11 

1*080 

2 

1*015 

7 

1*050 

]2 

1-087 

3 

1*022 

8 

1*056 

13 

1-095 

4 

1*030 

9 

1*065 

14 

1-102 

5 

1*037 

10 

1*073 

15 

1-110 


Sodium Bichromate. 


Per cent. 
Na 2 Cr 207 . 

Spec. gray. 

Per cent. 
Na 20 r 207 . 

Spec. gray. 

1 

1-007 

30 

1*208 

5 

1*035 

35 

1*245 

10 

1*071 

40 

1*280 

15 

1*105 

45 

1*313 

20 

1*141 

50 

1*343 

25 

1 * 17 V 




Zinc Sulphate at 15°. 


Per cent. 
JZnS044-7H20. 

Spec. gray. 

fT*. 

Per cent. 
JZnS04+7H20. 

Spec. gray. 

5 r 

1*029 

35 

1*231 

10 

1*059 

40 

1*271 

15 

1*091 

45 

^ 1*310 

20 

1*124 

50 

1*352 

25 

1*167 

55 

1*399 

30 

1*193 

^ 

60 

1*445 
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Tables of Specific Gra *ties of Metallic Salts — Continued. 
% 


Zinc Chloride at 19°* 5. Kramser. 


• 

Per cent. ZnCl2. 

Spec. grav. 

• 

Per cent. Zn0l2. 

Spec. grav. 

5 

• i- 

30 

1-091 

1^.37 

1-186. 

1-238 

1-291 * 

35 “ i 

^40 " 

45 

50 

65 

60 

% 

m 

1-352 

1*420 

1-488 

1*566 

1-650 
.. , 1*740 


% 

Copper SulphdHe at 15°. 


JL 


Per cent. 
CnS04+6H20. 

Spec. grav. 

• 

Per cent. 
CUSO4+5H2O. 

Spec. grav. 

- Per cent. 
CuS 04 + 5 H 2 <^ 

^ Spec. grav. 

‘ 1 

1-007 

10 

1*069 

19 

V144 

2* 

1-013 

11 

1-076 

20 

1-162 

•3 

1-020 

12 

1*084 

21 

1-160 

4 

1-027 

13 

1*091 

22 

1-169 

5 

1-033 

14 

1*096 

23 

1-177 

6 

1-040 

15 

1-114 * 

24 

1-185 

7 

1-048 

• 16 

1*121 

25 

1-193 

8 

1-055 

17 

1-129 



9 

1-062 

18 

1-137 


• 


Cupric Chloride at 17°- 5. Franz. 


Per cent. 
CUCI2. 

Spec. grav. 

Per cent. 
CUCI2. 

,Spec. grav. 

Per cent. 
CnClii- 

Spec. grav. 

2 

1*018 

16 

1-170 

30 

1*362 

4 

1-036 

18 

1-195 

32 

1-395 

6 

1*055 

20 

1*222 

34 

1*429 

8 

1*073 

22 

1-250 

36 

1-462 

10 

1*092 

24 

1*278 

38 ^ 

1-495 

12 

1*118 

26 

1*306 

40 

1-528 

14 

1*144 

28 

1*334 




Stannous Chloride at 15°. Gerlach, 
* ^ ^ 


Per cent. 
SnCl2+2H20. 

Spec. 

Grav. 

Per cent. 
SnCl2 + 2H20.'j' 

Spec. 

Grav. 

Per cent. 
SnCl2+2H20. 

Spec. 

^ Grav. 

SnClirf2H20. 

“ Spec. 
Gr^v. 

2 

1-013 

22 

1-161 

42 

1*352 

62 

1*613 

4 

1-026 

24 

1-177 

44 

1-374 

64 

1-644 

6 

1*0^0 

26 

1-194 

46 

1-397 

66 

1-677 

8 

1*054 

28 

1-212 

48. 

1*421 

68 

1-711 

10 ' 

1-068 

30 

1-230 • 

50 

1*445 

70 

1-745 

12 ! 

1-083 

32 

1*249 

52 

1*47^ 

72 

1-783* 

14 

1-097 

34 

1-268 

54 

1-497 

74 

1-821 

1^ 

1*113 

• 36 

1*288 

56 

1-525 

76 

1-840 

18 

1-128 

38 

1*309 

58 

1*554 



20 

1-144 

40 

1-330 

60 

— — 

1-582 


, 
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Tables of Specific Gravities of f/Ietallic Salts— 

Stannic Chloride ut 15°. Gerlach. 




Per cent, 
r ^SnCl4.5H20. 

Spec. Grav. 

Per cent. 

^ SnG]4.5H20. 

r 

Spec. Grav. 

5 

• 10 

15 

30 ^ ^ 

35 

4e 

1-03?) 

• 1*059 

1*091 

1-124 

1*158 

1*195 

^•235 

1*276 ^ 

/ ^ 

45 

55 

* 60 

65 

^ 70 

^ 80 

90 

1-320 
^ 1-366 

1-416 
■1-46S <■ 
1-526 

1-587 

1-727 

1-893 


r 

TABLE IV. {Text, pp. 364-68.) 


'■ Table of Solubilities of Metallic Salts. 

One hundred parts of water dissolve : — 


Parts. 

0° 

10“ 

20“ 

80“ 

40“ 

50“ 

60“ 

70“ 

80“ 

90“ 

100“ 

K 2 Cr 04 . /. 

58*90 

60*92 

62*94 

64*96 

66*98 

69*0 

71-02 

73*04 

75*06 

77-08 

79-10 

• * * 

4*6 

7*4 

12*4 

18*4 

25-9 

35*0 

45*0 

56-7 

68*6 

81*1 

94-1 

2 nS 04 . . . . 

43*02 

48*36 

53*13 

58*40 

63-52 

68*75 

74-20 

79-25 

84*60 

89-78 

95*03 

2nS04+7H20 . 

115*22 

138*21 

61*49 

190*90 

224-05 

263*84 

313-48 

369-36 

442*62 

533*02 

653*59 

CUSO 4 + 5 H 2 O . 


36*9 

42*3 


56-9 


Ut' 

... 

118*0 ' 

... 

203*3 

CUSO 4 , . . . 

... 

20*9 1 

23*5 

... 

30-3 




53*1 ! 

... 

75*3 


TABLE V. {Text, p. 594.) 


Percentage of Calcium Carbide and corresponding Gas Yield 

of Acetylene. 

F. B. Gatehouse. 


Calcium 

O^ide. 

Acetylene. 

Acetylene. 

Calcium 

Carbide. 

Acetylene. 

1 

Acetylene. 

Calcium 

Carbide. 

Acetylene. 

Acetylene. 

PeT cent. 

Litrefi 
per kg. 

Cub. feet 
per lb. 

''Per cent. 

Litres 
per kg. 

CubKeet 
per lb. 

Per cent. 

Litres 
per kg. 

Cub. feet 
per lb. 

100 

365*62 

i 5*862 

90 

329*12 

6-272 

80 

292*62 

4*682 

99 

361-97 

5-803 

89 

325*47 

6*213 

7^ 

288-97 

4*623 

98 

358*32 

5-745 

88 

321*82 

5*154 

78 

285*32 

4*564 

97 

354-67 

5*685 

87 

318-17 

5*095 

77 

^281-67 

4*505 

96 

351-02 

5*626 

86.. 

314-52 

6*036 

76 

27^-02 

4*446 ‘ 

95 

347-37 

5*567 

85 

310-S7 

4*977 

75 

274-67 

4*387 

94 

343-72 

5*^08 

84 

307-22 

4*918 

74 1 

271-02 

4*328 

93 

340-07 

5*449 

83 

303-57 

4*859 

73 ' 

267-37 

4*269 

92 

386-62 

5*390 

82 

299-92 

4*800 


263-72 

V210 

91 

332-77 

5*381 

81 

296-27 

4*741 

71 

260-07 

4*161 







70 

256-42 

4*092 







TABLE VI. (Text, p. 593.) 

Table for the Correction of the Volume of Acetylene in cubic feet to 6o° F. and 30 in. pressure. 

F. B. Gatehouse. 
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APPENDIX 


r 


7 ' " TABLE Vn. 


Table for the Correction of the Volume of Gas measured over 

Atmospheric Pressures to the Volume . 


BAR. 

Tm 

40’ 

BMOMI 

42° 

STER- 

44° 

PAHEEl 

46“ 

JTHEIT. 

48° 

— ft 

r 

50° 

52°^ 

^54° 

56° 

68° 

60° 

28-0 

•979 

-974 

•970 

•965 

•960 

•956 

•95lr 

-946 

•942 

•937 

•932 

28*1 

•983 

•978 

•973 

*969 

•964 

•959 

"-955 

*951 

•945' 

■941*^ 

•986 

28*2 

•986 

•981 

■%n 

•972 

•967 

•96? 

•958 

•953 

•949 

*944 

*939 

28*3 

•990 

•985 

*980 

•97fr 

•971 

ft 

^•961 

•957 

•952 

*947 

•942 

28-4: 

•993 

•988 

^•984 

•979 

•974r 

•970 

*965 

•960 

•955 

•951 

•946 

2^S 

•997p 

•992 

•987 

^*983 

•978 

•973 

*968" 

•964 

•959 

•954 

.*'^49 

28-6 

1-001 

'7)95 

*991 

*986 

•981 

•977 

•972 

•967 

•962 

•958 

*953 

28-7 

1-004 

*999 

*994 

*990 

*985 

•980 

•975 

•970 

•966 

*961 

*956 

28-8 

1-007 

1-003 

•998 

•993 

*988 

•984 

•979 

•974 

*969 

•964 

•9?9 

28-9 

I'on 

1-006 

1*001 

•997 

*992 

•987 

•982 

•977 

•973 

•968 

*963' 

29*0 

1-014 

1*010 

1*005 

l*0o0 

•995 

•990 

•986 

*981 

•976 

•971 

•966 

29 1 

1'018 

1*013 

1*008 

1-004 

•999 

•994 

•989 

'"•984 

•979 

•975 

•969 

29*2 

1-on 

1-017 

1-012 

1*007 

1*002 

•997 

*992 

*988 

•982 

•978 

•973 

29*8 

1*025 

1*020 

1*015 

1*011 

1-006 

1*001 

*996 

*991 

•986 

•981 

•976 


1-028 

1-024 

1-019 

1-014 

1-009 

1*004 

*999 

*995 

•990 

*985 

•980 

29*5 

1-032 

i 1-027 

1*022 

1-018 

1*013 

1-008 

1*003 

*9^8 

*993 

•988 

*983 

29-6 

1.036 

1*031 

1-026 

1*021 

1-016 

1-011 

1*006 

1*001 

*996 

•992 

^*986 

29*7 

1^39 

1-034 

1-029 

1-025 

1-019 

1-015 

1*010 

1*005 ’ 

1*000 

•995 

•990 

29*8 

1-043 

1-038 

1-033 

1*028 

1-023 

1-018 ' 

1*013 

1*008 

1*003 

•998 

•993 

29*9 

1-046 

1*041 

1-036 

1*031 

1-026 

1-022 

1-017 

1*012 

1*007 

1*002 

*997 

30*0 

1-050 

1-045 

1-040 

1*035 

1-030 

1-025 

1-020 

1*015 

1*010 

1*005 

1*000 

80*1 

1-053 

1*048 

1*043 

1-038 

1*033 

1*029 

1*024 I 

1*019 

^•014 

1*009 

1*003 

80*2 

1-057 

1-052 

1*047 

1-042 

1-037 

1-032 

1-027 

1*022 

1*017 

1*012 

1*007 

80-3 

1-060 

1*055 

1*050 

1*045 

1*040 

1*036 

1*030 

1*025 

1*020 

1*015 

1*010 

8^-4 

1*064 

t*059 

r*054 

1*049 

1-044 

1*039 

1-034 

1*029 

1*024 

1*019 

1*014 

S^>*5 

X-067 

V062 

1-057 

1J062 

1-047 

1*042 

1*037« 

1*032 

1*027 

1*022 

1*017 

30*8 

1-071 

1*066 

1-061 

1*056 

1*051 

1-046 

1-041 

1*036 

1*031 

1*026 

1*020 

80*7 

1-074 

1*069 

1*064 

1*059 

1-054 

1*049 

1*044 

1*039 

1^084 

1*029 

1*024 

30*8 

1-078 

1*073 

1*068 

1-063 

1*058 

1*053 

1*048 

1*043 

1*087 

1*082 

1*027 

30*9 

1-081 

1*076 

1*071 

1*066 

4*061 

1*056 

c- 

1*051 

1*046 

1*041 

i*086 

1*081 

f ' 

81-0 

1-085 

1*080 

1-075 

1-070 

1*065 

1-060 

1*055 

1*049 

1*044 

ft* 

1*039 

1*034 

X., 


*»* The numbers in the above table have been calculated from the formula k = ~ 

^ 460 + if 

sc^le, and a the tension of aqueous^vaponr at f. If ^ is any volume at fj and h inches 
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{Text, pp, 690-91.) 


Water at different Temperatures and •under different 
at 6o' F..and 30 in. Bah (moist). 


62“ 

64“ 

66“ 

68t 

70" 

• 

72“ 

74“ 


78° 

80“ 

♦ 

82“ 

84“ 


•922 

•917 

•912 

•907 

•902 

•897 

•892 

•88'7 

•881" 

■876 

•870 

•930« 

•926 

•921 

•916 

•911 

•905 

•900 

•895 

•890 

*•884 

*879 

■873 

•934 

•929 

•924 

•919 

*914 

» *909 

*904 

•898 

>•^3 

•887 

•882 

•876 

•937 

•932 

*928 

•922 

•9t7 

•912 

■907 < 

*•902 

•896 

•891 

•885 

•880 

•941 

•936 

•931 

•926 

•921 

•915< 

•910 

•905 

•90^ 

•894 

•888 

•883 

•344 

•939 

*934 

•929 

•924 

•919 

•914 

•90§ 

•903 

•897,i 

•892 

•Sse’ 

•947 

•943 

•938 

•932 

•927 

•922 

•917 

•912 

•906 

•5t)l 

•895 

•889 

•951 

•946 

•941 

•936 

•931 

•925 

•920 

•915 

•909 

•904 

•898 

•893 

• •954 

*949 

•944 

•939 

•934 

•929 

•924 

•918 

•913 

■907 

•90* 

•896 

•958 

•953 

•948 

•942 

•937 

•932 

•927 

•921 

•916 

•910 

•905 

•899 

•961 

•956 

•951 

•946 

•941 

•935 

•930 

■’925 

•919 

•914 

•908 

•903 

•964 

•959 

•954 

•9?9 

•944 

•939 

•933 

•928 

•923 

•917 

•911 

•906 

*968 

•963 

•958 

•952 

•947 

•942 

•937 

•931 

•926 

•920 

*•914 

•909 

•971 

•966 

•961 

•956 

•950 

•945 

•940 

•935 

•929 

•923 

•918 

•912 

•975 

•969 

•964 

•959 

•954 

•949 

•943 

*938 

•932 

•927 

•921 


•978 

•973 

•968 

• -962 

•957 

•952 

•947 

•941 

•936 

•930 

*924 ' 

•919 

•9^ 

•976 

•971 

•966 

•960 

•955 

•950 

•944 

•939 

•933 

•927 

•922 

•985 

*980 

•974 

•969 

•964 

•959 

•953 

*948 

•042 

•937 

•i^l 

•925 

•988 

•983 

•978 

•972 

•967 

•962 

•957 

•951 

•946 

•940 ^ 

•934 

*928 

•991 

•986 

•981 

•976 

*970 

•965 

•960 

*954 

•949 

•943 

•937 

•932* 

•995 

•990 

•985 

•979 

•974 

•968 

•963 

*958 

•952 

•946 

*941 

•935 

•998 

•993 

•988 

•983 

•977 

*972 

•966 

•961 

•955 

*950 

•944 

•938 

1-002 

•996 

•991 

•986 

•980 

*975 

•970 

•964 

•959 

•953 

•947 

•941 

1-005 

1-000 

•995 

•989 

•984 

•978 

•973 

•968 

•962 

*956 

•950 

•945 

1*008 

1-003 

•998 

*993 

•987 

*982 

» -976 

•971 

•965 ^ 

•959 

•954 

,#48 

1*012 

1-006 

1*001 

•990 

•990 

•985 

•980 

•4»74 

■969 


•957 

mi 

1-016 

1*010 

1-005 

•999 

•994 

•988 

•983 

•977 

'•972 

•966 ' 

•960 

•954 

1-018 

1*013 

1?D08 

1*003 

•997 

•992 

•986 

•981 

•975 

•969 

•963 

•957 

1-022 

1*017 

1*011 

1*006 

1-000 

•995 

•990 

•984 

•978 

•972 

•967 

•961 

1-025 

4. *020, 

1*015 

1*009 

1-004 

•998 

• 

•^93 

•987 

•982 

•976 

•970 

•964 

1*029 

1*023 

1*018 

• 

1-013 

1*007 

1-002 

•996 

•991 

*985 

•979 

•973 

•967 


where h is the height of the barometer in inches, t the temperature on the Fahrenheit 
pressure, and V the corresponding volume at 60° and 30 inches pressure, V= w. • 
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TABI^E IX. (Texi, p. 742.) 


Specific Gravities of So^lutions of Ammonia at 15°. 
Lunga and,Wiern*k. 


-Tpr-f: 

* 

CQ 

Per cent. 
NH3. 

1 litre 
contains 
NHgatlS" 
g- 

Correction 
of the 
sp. gr. for 
±1°. 

Sp. gr. 
at 15°. 

Per cent. 
IfHs. 

# 

1 litre 
contains 
'NHs at 

Correction , 
of the* 
sp. gr. for 

1*000 

0*00 

0*0 

0*00018 

0*940 

15*63 

146-9 

(f00039 

0*998 

0*45 

4*5 

0*00018 

0*938 

16*22 

152*1 

0*00040 

0*996 

0*91 

9*1 

0-00019 

0*936 

16*82 

157-4 

0*00041 

0*994 

1*37 

13*6 

0*00019 

0*934 

17-42 

162*7 

0*00041 

0*992 

1*84 

18*2 

0*00020 

0*932 

18-03 

168*1 

0*00042 

0*990 

2*31 

22*9 

> 0*00020 

0*930 

18*64 

173-4 

0*00042 

0*988 

2*80 

27-7 

0*00021 

0*928 

19*25 

178-6 

0*00043 

0*986 

3*30 

32*5 

0*00021 

0*926 

19-87 

184*2 

• 0*00044 

0*984 

3*80 

37*4 

0*00022 

0*924 

20*49 

189*3 

0*00045 

0*982 

4*30 

42*2 

0*00022 

0*922 

21*12 

194-7 

0*00046 

0*980 

4*80 

47-0 

0*00023 

0*920 

21*75 

200*1 

0*00047 

0-978 

5*30, 

51*8 

0*00023 

0*918 

22*39 

205*6 

0*00048* 

0-976 

5*80 ' 


0*00024 

0*916 

23*03 

210*9 

0*00049 

0-974 

6*30 

61*4 

0*00024 

0*914 

23*68 1 

216*3 

0*00050 

0-972 

m 6*80 

66*1 

0*00025 

0*912 

24 33 

221*9 

0*00051 

. 0-970 

7*31 

70*9 

0*00025 

0‘910 

24*99 

227*4 

0*00062 

0*968 

7*82 

75*7 

0*00026 

0*908 

25*65 • 

232*9 

^•00053 

0*966 

8*33 

80*5 

0*00026 

0*906 

26*31 

238*3 

0*00054 

0*964 

8*84 

85*2 

0*00027 

0*904 

26*98 

243*9 

0*00055 4 

0*962 

9*35 

89*9 

0*00028 

0*902 

27*65 

249*4 

0*00056 

0*960 

9*91 

95*1 

0*00029 

0*900 

28*33 

255*0 

0*00057 

0*958 

10*47 

100*3 

0*00030 

0*898 

29*01 

260*5 

0*00058 

0*956 

11*03 

105*4 

0*00031 

0*896 

29*69 

266*0 

0*00059 

0*954 

11*60 

110*7 

0*00032 

0*894 

30*37 

271*5 

0*00060 

0*952 

12*17 

115*9 

0*00033 

0*892 

31*05 

277*0 

0*00060 

0*950 

12*74 

121*0 

0*00034 

0*890 

31*75 

282*6 

0*00061 

0*948 

13*31 

126*2 

0*00035 

0*888 

32*50 

288*6 

0*00062 

0*946 

13*88 

131*3 

0*00036 

fi*886 

33*25 

294*6 ^ 

0*00063 

0*944 

14*46 

136*5 

0*00037 

0*884 

34*10 

301*4^ 

-J1-QQQ61 

0*942 

15*04 

141*7 

^ 0*00038 
- ^ 

0*882 

34*95 

• 

308*3 

”•00065 

• 
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T,ABLE ( X. (Tel, p. 747.) 




r specific Gravities^ of Solutions of AuynoniifSn Sulphate at 15°. 


Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Ter coat. 

Sp. gf. 

1 

V0057 


1*0805 

27 

^ 1*1554 

40 

1*2284 

2 

1*0115 

10 

1;;0862 

28 '* 

1*1612 

41 

1*2343 

3 

1'0172 

16 • 

1-0920 

29 

l-167<‘ 

42 

1*2402 

4 

r0230 

17 , 

1-0977 

30 

1-1724 

43 

1*2462 

5 

1'0287 

18 

1*1035 

81 

1-17S0 J 

44 ^ 

1*2522 

6 

1*0345 

19 

1*1092 

32 

1*1836 

45 

1*2583 , 

7 

1*0403 

r ^20 

1*1149 ^ 

^ 33 

1*1892 

46 1 

1*2644 

8 

1 *0460 

21 

^ 1*1207 

^4 

1*1948 

- 47 ^ 

1*2705- 

9 

1*0518 

22 

1*1265‘^ 

35 

1*2004 

48 

1*2766 

10 

1*0575 ^ 

23 

1*135‘3 

36 

1*2060 

49 

1*2828 

11 

1*0632 

24 

1*1381 • 

37 , 

1*2116 

50 

m 1-2890* 

^ ^12 

a *0690 

25 

1*1439 

38 ^ 

1*2172 


r 

13 

^*0J47 

26“ 

1*1496 

39 

1*2228 




TABLE XI. (Text, p. 747.) 


Specific Gravities of Solutions of Ammonium Chloride at 15°. 
Gerla4:h ; Lunge and Kohler. 


Per cent. 
NH 4 OI. 

Sp. gr. 

t 

Per cent. 
NH4CI. 

Sp. gr. 

Per cent. 
NH4CI. 

Sp. gr. 

Per cent. 
KH4CI. 

Sp. gr. 

1 

1*00316 

8 

1*02481 

15 

1*04524 

22 

1-06479 

. 2 

1*00632 

9 

1*02781 

16 

1*04804 

23 

1-08764 

3 

1*00948 

10 

1*03081 

17 

1*05086 

. 24 

1*07029 

4 

1*01264 

11 

1*03370 

18 

lt05367 

25 

1*07304 

5 

1*01580 

12 

1*03658 

19 

i 1*05648 

26 

1*07576 

6 

1*01880 

13 1 

1*03947 

20 

1*05929 

0ih 


7 

1*02180 

1 

14 

1*04225 

21 

1*06204 




TABLE XII. (Text, p. 748.) 


Specific Gravities of Solutions of Ammonium Carbonate at 15°. 

Lunge and Smith. 


Degrees 

Twaddel, 

r 

Sp. gr. 
at 16". 

Per cent, 
of 

Ammoninm 

Carbonate. 

Alteration 
of sp. gr. 
for±r. 

(C 

Degrees 

Twaddel. 

Sp. gr. 
at 15". 

Per cent, 
t of 

Ammonium 
Carbonate. 

Alteration 
of sp. gr. 
for±l". 

Ml 

•"'I 

1-P05 

1*66. 

0*0002 

15 .. 

1*075 

22*25 

0*0006 

2 

1*010 

3*18 

0*0002 

16 

1*080 

23-78 

i 0*0006 

3 

1*015 

4*60 

i 0*0003 

17 

1*085 

25*31 

0-0007 

4 

1*020 

6*04 

0*0003 

18 

1*090^ 

26*82 

0-0007 

5 

, 1*025 

7*49 

0*0003 

19 

1*095 

28*83 

0-0007 

6 

1*030 

8*93 

0*0004 

20 

1*100 

2v9*93 * 

0-0007 

7 

1*035 

10*85 

^•0004 

21 

1*105 

31 *27 

0-0007 ■ 

8 

1*040 

11*86 

0*0004 

^ 22 

1*110 

83*45 

0-0007 

^ 9 

1*045 

^13*86 

0*0005 

23 

1*116 

35*08 

0-0007 

10 

1*050 

14*38 

0*0005 

24 1 

1*120 

86*88 

0-0007 

11 

1*055 

16*16 

0*0005 

25 ! 

1*126 

38*71 

S;p007 

12 

1*060 

17*70 

0*0005 

26 

1*130 

40*84 

0-0007 

13 

1*065 

19*18 

0*0005 

27 

1*135 

42*20 

0-0007 

14 

1*070 

20*70 

0*0005 

28 

1*140 

44*29 

0-0007 
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TABLE 'XI]|, (Text,^p. 768-69.) • 

Table for the Appr 3 xima 1 »e Estimation of tha Products obtained 

in the Distillation of Benzol. Davis. 

♦ 


A. Mixtures of 90 per cent, and 50 per cent. BenzqJ. 


Benzol. '• 

% 

First Drop. 

• 

Percent&g#^ 

• distillgd 
at 100°. 

Percentage 
distilled 
at 120% 

90 per cent. 

** 

60 per cent. 

> «- 





0 

100 

92S 

50 . 


6 . 

95 

92° * 


. 

92 

10 

90 

'91° . 

^1*5 

92 

15 

85 

91" • 

53 

92 

. 20 

80 

90" • 

55 

92 

It 25 

75 

i 90° 

60 

93 

* 30 

70 

90" 

65 • 

93 •• 

35 

65 

90" 

67 


40 

60 

88" 

69 

94 .• 

45 

55 

88" 

70 

' 94 

50 

50 

87" 

71 

94 

65 

45 

87" 

73 

94 

60 

40 

86" 

76 

95 

65 

35 

86" 

78 

95 

70 

30 

86" 

7^ 

96 

75 

25 • 

85" 

84 

96 

80 

20 

85" 

84 

97 

85 

15 

84° 

86 

97 • 

90 

10 

84" 

88 

Dry 

95 

5 

84" 

89 

j) 

100 

0 

84" 

90 

n 




B. Mixtures of 50 per cent. Benzol and Commercial Toluene. 







» 

— ^ 

Mixture of 


Percentage 

Percentage 
distilled 
at 106% 

Percentage 

distilled 

Percentage 

distilled 

60 per cent. 
Benzol. 

Toluene. 


at 100". 

at 110". 

at 120". 

00 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 * 1 
35 

30 

25 

20 

<0 

5 

0 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 ^ 

60 
•65 
• 70 

75 

80 

85 , 

90 

96 

100 

92" 

93" 

94" 

94" 

95" 

95" 

96" 

96" 

97" 

98" 

98" 

99" 

100" 

100" 

100" 

100" 

101" 

102" 

103" 

103" 

50 

45 

33 

30 

28 

26 . 
22 

19 

16 

12 

8 

4 

0 

0 

0 

•0 

0 

0 

0 

0 

0 

68 

64 

60 

58 

57 

55 

48 

47 

46# 

44 

42 

34 

26 

25 
• 23 

21 

16 

14 

13 . 

10 

0 

80 

76 

73 

73 

72 

71 

67 , 

65 

65 • 

65 

64 

57 

56 

55 

63 

63 
• 48 

46 

45 

44 

39 

91 

91 

90 

90 

90 

90 

90 • 

90 

i 90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 
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Table for the Approximate Estimation of the Products obtained 
in the Distillaticjn* of Benzol — Continued. 

' C. Mixjtures of 90 per cent. Benzol ahd Commercial Tfluene. 


Mixture of 

First Drop. 

Percentage 

Percentage 

distilled 

Percentage 

distilled 

Percentage 

distilled 

90 pef' sent. 
Benzol. 

Toluene. 

UiauiLlwli. 

at 100% 

UiSl Ull-lwU, 

at 105% 

at 110% 

aiiil20% 

0 

100 

103° 

0 

7 

50 

94 

5 

95 

102° 

0 

21 

69 

94 

10 

90 

101° 

0 

fo 

66 

94 

15 

85 

100° 

0 

38 

68 

95 

20 

80 

97° 

9 

43 

73 

95 

25 

75 

95° 

16 

53 

76 

95 

80 

70 

95° 

23 

59 

78 

96 

35 

65 

94° 

33 

60 

80 

96 

40 

! 60 

93° 

43 

66 

sz 

96 

45 

55 

92° 

46 

71 • 

85 

97 

50 

50 

91° 

62 

72 

86 

97 

56 

45 

91° 

58 

76 

86 

97 


40 

91° 

60 

78 

88 

97 

er' 

35 ' 

90° 

66 

81 

89 

97 

70 

30 

89° 

71 

83 

91 

97 

75 

25 

88° 

75 

85 

91 

98 

80 

20 ' 

87° 

77 

87 

92 

98 

85 

15 

86° 

83 

89 

93 

98 

90 

10 

85° 

85 

91 

94 

Dry 

95 

5 

84° 

88 

93 

95 

tt 

100 

0 

84° 

90 

94 

96 
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TABLE XIV. {Teat, p. 

■» 

*> 

Table of the Equivalent Weights of Anthraquinone and 
» Anthracene. Lunge. * 


* 

Antlira- 

Aiitliracene. 

Ant^ra- 

9 

j^itliracene. 

Antlira- 

Anthracene. 

qiiinone. 

quinone. 

> 

quiiioiic. 


1 

0-86 

) 

35 

29*95 

. 68 

58 

2 

1-71 

36 

30*81 

69 

S 9-06 

3 

2*56 

37 

31-66 

70 

59*91 

4 

3*42 

38 

32*53 

71 

60-77 

6 

4*28 

39 

33*38 

72 

61*62 ^ 

6 

5*14 

40 

34*23 

73 ' 

62-47 

7 

5*99 

41 

35*09 

74 

63*33 

8 

6*86 

42 

35*94 

75 

64*19 

9 

7-71 

43 

36*79 ^ 

76 

65*06 

10 

8*56 ^ 

44 

37-65 

77 

65*90 

11 

9*42 

45 

38*51 

78 

66-77 

12 

10-27 

46 

39-37 

79 

67 * 62 * 

13 

11*16 

47 

40*22 

80 

68*46 

14 

11*98 

48 

41*09 

81 

69*32 

15 

12*84 

49 

41*94 

82 

70-17 

16 - 

13*70 

50 

42*79 

83 

71-02 

17 ' 

14 * r ^ 

51 

43*65 

84 

71-88 

18 

15*42 

52 

44*50 

85 

72-74 

19 

16*27 

53 

45*35 

86 

73-60 

^ 20 

17*12 

54 

46*21 

87 

74-45 

21 

17*98 

55 

47*07 

88 » 

75-32 ^ 

22 

18*83 

56 

47*93 

89 

76-17 

23 

19*68 

57 

48*78 

90 

77-02 

24 

20*54 

58 

49*65 

91 

77-88 

25 

21*40 

59 

50*50 

92 

78-73 

26 

22*26 

60 

51*35 

93 

79-58 

27 

23*11 

61 

52*21 

94 

80-44 

28 

23*98 

62 

53*06 

95 

81-30 

29 

24*83 

63 

53*91 

96 

82-16 

30 

25*67 

64 

54*77 

97 

83-01 

31 

26*53 

65 

55*63 

98 

83-87 

32 

27*38 

66 

56*49 

99 

84-73 

33 

34 

28*23 

29*09 

67 

57*34 

100 







» 




1202 


APPENDIX 


r 


r 




r 




f • 
f ■ 


I* 


T^SLE XV. (Text, ip. SQL) 

Table of the Specific Gravities of Mixtures of o- and p-Toluidine. 
‘ Lunge. 

^ P 0 * 

(a) at 15 °, refgn*fed to water at 15 . 


r 

sfec. Grav. « 

r- 

Per cent. 

^ o-Toluidine. 

^ Spec. Grav. 

Per cent.^ 
o-Toluidine. 

Spec. Grav. 

• « - 

Pen cent. 
©•Ibluidino. 

1-0037 

100 

1*0015 

82 

0*9993 

64 

i‘003e 

99 

1*0014 

81 

0*9992 

62 

1*0035 

98 

1*0013 

80 

0*9991 

62^ 

1*0034 

97 

1*0012 

794 

0-9990 

614 

1*0033 

96 

1*0011 

78i 

0*9989 

61 

1*0032 

95 

rl*0010 

77J 

0*9988 

60 

1*0031 

94 

1*0009 

77 * 

0*9987 

59 

1*0030 

93i 

1*0008 

76 

0*9986 

58. i 

1*0029 r 

92.i 

1*0007 

75 

0*9985 

58 

1*0028 

91-^ 

1*0006 

74 

0*9984 

574 

1-0027 

91 

1*0005 

73 

0*9983 

56.*. 

1*0026 

90 

1*0004 

72J 

0*9982 

56 

1*0025 

89| 

1*0003 

72 

0*9981 

55 

1*0024 

88i 

1*0002 

71 

.0*9980 

54J 

1*0023 

88 

1*0001 

70 

0-9979 

54 

1*0022 

87 1 

1*0000 

69 

0-9978 

53 

1*0021 

864 ! 

0*9999 

684 

0-9977 

^ 524 

1*0020^. 

86 • 

0*9998 

68 

0-9976 

514 

1*0019 

85 ! 

0*9997 

67 

0-9975 

51 

1*0018 

844 

0*9996 

664 

0-9974 

60 

1*0017 

834 

0*9995 

65i 



1*0016 1 

824 

0*9994 

65 




(<^) at 20 *", referred to water at 



0*9939 

50 

0*9934 

464 

0*9929 

43 

0*9938 

494 

0*9938 

46 

0*9928 

42 


^ 484 

0-9932'' 

45 

0*9927 

41 

0*993^*» 

^ 48 

0*9931 

44J 

0*9926 

40 

«^*9935 

r ilh 

^ 0*9930 

44 
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TABi-E. XVI. {Text>^ p. 8944 


Sp^ecific Gravities of Solutions of Methyl Alpohol. 
• Doroszewski apfl Roshdestwen^lji. 


Methyl 

alcohol. 

• • # 

Spec. Gray, at 
15715“. 

Methyl 

alcohol. 

\ 

• 

Spe#. Gray, at 
. 16716“. 

Methyl 

alcol^l. 

Spec. Gray, at 
15716“. 

_ * 

• 

per cent. ' 

0 

1-00000 

per cent. 

34 

0-94817 

* per cent. 

68 

•• 

0-88048 - 

1 

0-99814 

35 

0-94653 

69 

0-87816 

2 

0-99630 

36 

0-94487 

70 

0 - 8#584 

3 * 

0-99457 

37 

0-94319 

71 

0-87347 


0-99285 

38 

0-94149 

72 

0-87109 

5 

0-99116 

39 

0-93976 

73 

0-86868 

6 

0-98950 

40 

0-93802 • 

74 

0-86622 

7 

0-98787 


0-93625 

75 

0-86376 

8 

0-98633 

• 42 

0-93447 

76 

0-86126 

9 

0-98480 

43 

0*93266 

77 

^-85876 

10 

0-98327 

44 

0-93082 

78 

0*85626 

11 

0-98179 

45 

0-92896 

79 

0-85374 

. 12 

0-98031 

46 

0-92708 

80 

0*85122 

13 

0-97887 

47 

0-92517 

81 

0-84868 • 

14 

097745 

48 

0*92323 

82 

0*84610 

15 

0-97603 ^ 

49 

0*92128 

83 

0-84348 

16 

0-97462 

50 

0*91932 

84 

0-84082 

17 • 

0-97322 

51 

0-91733 

85 

0*83815 

18 

0-97181 

52 

0-91531 

§6 

0^3548 

19 

0-97040 

53 

0-91328 

87 

0*83280 

20 

0-96899 

54 

0-91124 

88 

0-83010 

21 

0-96758 

55 

0*90918 

89 

0-82740 * 

22 

0-96617 

56 

0*90710 

90 

0-82468 

23 

0-96476 

57 

0-90500 

91 

0-82196 

24 

0-96335 

58 

0-90289 

92 

0-81921 

25 

0-96192 

59 

0-90075 

93 

0*81639 

26 

0-96047 

60 

0-89859 

94 

0*81356 

27 

0-95901 

61 

0-89641 

95 

0-81070 

28 

0-95752 ^ 

62 

0-89419 

96 

0*80784 

29 

0-95601 

63 

0*89195 

97 

0-80498 

30 

0-95449 

64 

0*86968 

98 

0*80213 • 

SI 

0*95296 

65 

0-88739 

99 

^- H ^929 

32 

0-95139 

^ 66 

0-88510 , 

100 , 

» 0-79647 • 

33 

0-94979 

67 

• 

0-88280 
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TABLE XyM. {Text, p. 896.) 


Tensperature of Solidification of Solutions of Acetic Acid 

Rlidorff. 


100 parts 
of Acetic Acid 
are mixed with 

r ^ 

100 parts 
of the mixture 
contain 

Temperature 

of 

Solidiiication. 

0-0 

Water 

0*0 Water 

f +16°-7 

0-5 

n 

0-497 „ 

+ 15°*65 

3-0 

jj 

0*980 „ 

-f 14”*8 

1*5 

>» 

1*477 „ 

+ 14‘^*0 

2-0 

JJ 

1*961 „ 

+ 13°-25 

3*0 

JJ 

2*912 „ 

+ir*95 

4*0 

JJ 

3-846 „ 

+ 10"*5^ 

5*0 

JJ 

4*761 „ 

^ -f 9°*4 

6*0 

JJ 

5*660 „ 

+ 8'’*2 

7-0 

j j 

6*542 „ 

+ 7°*1 

8*0 

JJ 

7*407 „ 

+ 6°*25 ^ 

9*0" 

JJ 

8*257 „ 

+ 5° *3 

10-0 

JJ 

9*090 „ 

4'^*3 

11*0 

JJ 

9*930 „ 

+ 3‘^*6 

12*0 

JJ 

10*774 „ 

+ 2"*7 

15*0 

JJ 

13*043 „ 

- 0'’*2 

18*0 

J J 

15*324 „ 

- 2“*6 

21-0 

J J 

17*355 „ 

- S"*! 

24*0 

JJ 

19*354 „ 

- 7"*4 



INDEX 


SUBJECT. INDEX 


Absorbents in molasses feeding stuffs, deter- 
mination of, 462 

Absorbing powder (“dope”) in gelatine dyna- 
mite, determination of, 507 
Absorptidh oils, 833 
Acetaldehyde, estimation of, 909 
Acetic acid, determination of, in lead acetate 
and lead vinegar, 370 
examination of, 897 
properties of, 896 • 

temperature of solidification of different 
strengths of, 896 

Acetone, determination of aldehyde in, 493 
determination of the boiling point of, 494 
iodometric determination of, 493 
for use in making- explosives, examination 
of, 492 

Acetylene, apparatus for determining the 
yield 0^ from carbide — 

Caro’s apparatus, 594 
Gatehouse’s apparatus, 596 
Lunge and Cedercreutz’s apparatus, 597 
other apparatus, 597 

correction of the volume of, to standard 
temperature and pressure, 592, 593 
detection of harmful impurities in, 604 
detection of phosphoretted hydrogen and 
sulphuretted hydrogen in, 604 
determination of ammonia in, 609 
determination of phosphoretted hydrogen 
and sulphuretted hydrogen in — 

Eitner and Keppeler’s method, 606 
Gatehouse’s method, 607 
Hempel and Kahl’s method, 608 
Lidholm’s method, 608 
Lunge and Cedercreutz’s metho 4 , 605 
determination of silicon c^jmpounds in, 607 
determination of sulphur- compounds (other 
than hjdrogej^ sulphide) in, 609 
in gas, determihatio*! of, 662 
heat of decomposition of, and its determina- 
^ tion, 609 
impurities in, 587 

percentafes of carbide corresponding to 
■^rious yields of, 594 

3deld from calcium carbide, determination 
•of the amount of, 590 
Acetylene Blue, 6B, 3B, BX, and 3R, 98r 
1205 


Acetyl-£?- and ^-toluidines,g,solidif5dng points 
of mixtures of, 867 - 

Acid inlacetone, determination of free, 493 
Acid Alizarin Black R, 959 ^ 

Acid Blue R and B, 1006 
Acid Magenta, 1000 
Acid Violets, 1002, 1003 
Acid Violets, 5BS, 6BNS, and 7BS, 1006 
1007 

Acid Yellow, 953 

Acids in cresote oil, determination of, 830, 
831^ 

fatty, in oilcake, determination of free, 447 
in glue, determination of volatile, 537 
Acridine dyes, 1036 
Acridine Red, 995 
Acridine Yellow and Orange, 1037 
Afghan Yellow, 989 
Albuminoids in foodstuffs — 
determination of digestible, 450,^67 
determination of total, 448, 467, 477 
limits of error in stated percentages of, 
480 ^ 

Alcohol, detection of, pyridine bases in de- 
natured, 828 

for use in making explosives, 494 
Aldehyde in acetone, determination of, 493 
Aldehydes, estimation of, by Ripper’s 
method, 909 
Algol Red B, 1041 
Alizarin, 1014 
ex^imination of, 1015 
paste, estimation of, 1016 
preparatior^of, 1015 
Alizarin WS, 1018 
Alizarin Astrol B, 1020 
Alizarin Blacks, 1022, 1023 
Alizarin Blues, 1020, 1021 
Alizarin Bordeaux B, 1018 
Alizarii^ Cardinal, 1018 
Alizarin Claret, 1018 
Alizarin Cyanine Gtl0i9 
Alizarin Cyanine R, 1018 
Alizarin Cyanine Black G, 1019 
Alizarin Cyanine Greens, 1019 
Alizarin Dark Green, 1023'^ 

Alizarin Garnet R, 1018 
AJizarin,GreeD, G and B, tp28, 1029 
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AlizariirGreens, 1020, 1021, 1022 ^ 

Alizarin Indigo Blues, 1022 
Alizarin Irosol, 1020 ^ 

Alizarin Maroon, 1018 
Alizarin Orange, 1017 
Alizarin Orange G, 1018 
Alizarin KedrS powder, loi8 
Alizarin Viridin, 1019 
Alizarin Yellow A, 1039 ^ » 

Alizarin Yellow C, 1038 , ^ 

Alizarin Yellow GG and R, 960 
Alizarin Yellow 5Gf 962 
Alkali in water-glass, estimation of the, 
930, 931 r ^ 

Alkali Blue, 1004 ^ 

preparation of, 1005 • 

Alkali Violets, 1002, 1003 ^ 

Alkali Yellows and Alltali Brown R, 992 • 

'Aliiaiis, determination of, in iron ores, 20 
Alloys, sampling, 92 
Alsace Green J, tt)24 

Aluminain artificial manures, determination of — 
Cor^ress Committee directions, 444 
Glaser’s method, 414 
Von Gruber’s method, 415 
in chrome iron ores, determination of, 324 
in copper ores, mattes, slags, ^and speisses, 
determination of, 185 
-marl, analysis of, 439 
mordanting with, 942 
in thorium nitrate, determination of, 7^7 
Aluminium alloys, analysis of, 350 
analysis of — 

^ determination of aluminium, 348 
determination of arsenic, 349 
determination of carbon, 349 
determination of copper, 347 
determination of graphitic silicon, 347 
determination of iron, 347 
deterflLination of lea'll, 349 
determination of nitrogen, 349 
^ determination of phosphorus and sulphur, 
349 

determination of total silicon, 346 
in brass, determination of, 217 
-bronzes, analysis of, 352 
solders for, 353 

-chromium alloys, analysis of, 351 
commercial, 345 

-copper alloys, analysis of, 350, 352 
f^-copper-nickel alloys, analysis of, 350^ 

-iron Allpysf^analysis of, 351 
in iron ores, determination of, 9, I r 
m iron or ste^l, determinatiofi of, 68 
-magnesium alloys, analysis of, 352 
-manganese alloys, analysis of, 350 
solders for, 353 
scrap, analysis of, 353 
-tungsten alloys, analysis of, 351 
-zinc alloys, analysis of, 301 ^ , 

** Amalgams, determinatiop^of mercury in, 1 53 
Amaranth, 958 
Aminoazobenzene, 951 

Aminoazo dyes, composition of commercial, 951 
^-Aminpbenzenesulphonic add, 88$ 
^-Aminobenzenesul phonic acid, 884 
estimation of, 885 


Anfinonaphtholazo dyes, composition of com- 
^ mercial, 964 

Ammop-ia in acAylene, determination of, 6og 
ifi ammoniacal liquor, determination of, 


I 


733 , 734 


in ammonium salts, determination of, 747 
determination of nitrogen combined as, 
in artificial manures, 380, 438, 444, 471 
in gs^s, determination of, 673 
lime for use in lijjerating, 740 
liquefted, 743 

liquefied, the Lange and Hertz test for, 745 
liquefied, sampling, '744 ^ 

^ solutioTi for estimation of phosphoric acid 
in fertilisers, 47-ij^ 

Solutions, determination of empyreumatic 
ingredients in, 743 

determination of inorganic ^puritjeSp, in, 

>■ 741 , 

manufacture of, 740 

specific gravities of, of various strengths, 
742 

for use in the colour industry, 926 
in spent oxide, determination of, |f*30 
Ammoniacal liquor, 731 . 

analysis of — 

ammonia, fixed, 734 
ammonia, total, 733 
anmonia, volatile, 734 
carbon dioxide, 735 
ferrocyanic acid, 738 
hydrochloric acid, 735 
hydrocyanic acid, 738 
phenols, 738 

sulphite and thiosulphate, 736 
sulphur, total, 737 

sulphuric acid and sulphuretted hydro- 
gen, 736 ^ 

thiocyanate, 737 

strength and specific gravity of, 732 
Ammonium carbonate, analysis of, 748 

carbonate, percentage content of solutions 
of, 74B 

chlor-aurate, 374 
chloride, analysis of, 74^ 
chloride solutions, percentage content of, 
747 

citrate solutions for estimation of phosphoric 
add, 394, 401, 402, 403, 407» 4^5 
hydroxide for use in the colour industry, 
926 

molybdate solutions for estimation of phos- 
phoric acid, 390. 392j 395 t 407 
nitrate and its examination, 749 
nitrat^ for use in making explosives, ex- 
amination of, 486 

perchlorate forAise in making explosives, 486 
phosphate solution containjng phosphoric 
acid for prevenOig the after-glow 
match splints, 525 ** 
salts, analysis of, 746 

salts, determination of nitrogen combined 
as ammonia in, 380 « 

sulphate, analysis of, 437, 746 ^ 

sulphate, percentage content of solutions of, 

, 747 

sulphate, manufacture of, 745 



SUBJECT INDEX 


1207 


Ammonium — sulphate-molybdic acicf rea^nt 
for estimating phosphoric acid by LorStz’s 
method, 397 • * I 

superphosphates, analysis of, 438 

its^examination, 749 f 
thiocyanate solution for ‘ Volhard’s silver 
assay, 116 

Anglesite, 220 ‘ 

Aniline, dehydration of, 857 • * 

detection and determination of, 853 
determination of, in mixtures with •methyl- 
anilines, 870 . 

determinatioif of, ih mixtures with the 
• toluidinesf86o • 

determination of moisture in , 8 5 7 * 

determination of, ih presence of a small 
quantity of toluidine, 861 
eil^ dete^ion of hydrocarbons and nitro-. 

benz^ne in, 857 \ 

oil, determination of the boilina: point of, 
.856 

oil, examination of pure, 858 
‘ oil, properties of pure, 857 
oils rec#vered from the magenta fusion, 863 
oils, technical, and their examination, 856 
properties of, 852 
salt, examination of, 859 
salt, properties of, 858 
and toluidines, determination in mix- 
tures, 859 

volumetric determination of, in solution, 858 
Aniline Black, colour reactions of, 1116 
differentiation of, from Sulphur Blacks dyed 
on cotton, 1117 
Aniline Blue, 1004 
Annatto, 1176 • 

valuation of, 1177 
Anthracene, analysis of, 805 
anthraquindhe equivalents of, 806 
in coal tar, determination of, 807 
detection and determination of impurities 
in — 

carbazol and phenylnaphthylcarbazol, 808 

hydrocarbons, 810 

methylanthracene, 807 

paraffins, 810 

phenanthrene, 807 

dyes, composition of commercial, 10 r 3 
oil, composition and properties of, 776 
oil, working up of, 777 
properties and tests for purity of, 849 
sampling, 804 

Anthracene Chrome Black, 965 
Anthracene Red, 973 ^ 

Anthracene Yellow, C, GG, and R, ^6r 
Anthracene Yellow YN, 960 
Anthracite for use in manufacture of 
calcium carbide, 586 
, Anthracite (asphatiw), 332 
Anthracyl Chronm Green, 954 ^ ^ 

Anthraflavic acid in alizarin, detection of, 
1015 

Anthragailol, 1017 ^ 

AijthrJiipu^urih, 1015 

Anthraquinone equivalents of anthracene, 806 
properties of, 892 
Anthra<^uinone Black, 1045 


Antifriction metals, analysis of, 258 ^ 
AntiniDniai leaii, analysis of, 233, 236 
ores, determination of gold in, 127 
preparations an8 colours, analysis of, 28 7 
Antimony alloys, analysis of, 287 
alloys, sampling, 93 
analysis of metallic, 286 
in arsenic ores, determination 278“ 
assay of auijif^us, 144 
in b#aring metals, determination of, 212 
in bismuth, detetmination of, 251 
in copper, determination^ of, 190, 1 97 
determination of, as antimony tetroxide, 
281 S * 

“ electrolytic metlfod, 282 
• ^ voluiiffetric methods, 282, 283 

hard lead, determination of, 234, 235, 236 
in iron, determinatic^ of — 
distillation method, 79 
sulphide method, 78 •• 

in iron ores, detection of, ig 
in iron ores, determination of, 20 
in lead alloys, determination of, '240 
in lead, determination of, 230 ^ 

ores, analysis of, 285 
ores and products, 281 
ores, slags, etc., determination of sulphur 
in, 285 

in precipitated stannic ticid, detection and 
determination of, 212 
separation of, from arsenic and tin, 284 
in slags, determination of, 285 
in tin- alloys, determination of, 260, 261, 
262, 263 

in work lead, determination of, 237 • 

in zinc, determination of, 297 
Antimony trisulphide for use in match com- 
positions, 532 
Apatite, analysis of — 
determination of Cuibon dioxidv 42 o 
determination of moisture and phosphoric 
acid, 419 
Apollo Red, 954 
Aposafranines, 1034 
Archil extract, preparation of, 1170 
extracts, detection of adulterants in, 1 1 72, 

1173 

extracts, estimation of magenta in, 1172 
preparations, 1169 

preparations, valuation of, by dye-trials, 1171 
Archil Carmin, 1 171 
ArcSil Purple, 1171 
Archil Substitute V, 954 
Archil Violet? 1170 
Argand burners for photometry — 

London No. i, 703 
Metropolitan No. 2, 707 
Argentiferous blister and refined copper, dry 
assay of, i lo 
leadf sampling, 93 
Argentite, 97 ^ 

Arsenic in aluminium, determination of, 349 
analysis of sublimed, 278 
in antimony, determination of, 287 
in arsenic sulphides (realgar, orpiment), 
determination of, 279 
in bearing metals, determination of, 21^ 
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Arsenic lcontd,\ in bismuth, determination of, 
251 ’ • # 

,^in colouring matters, determination of, 279 
in commercial hydrochlofic and sulphuric 
acids, determination of, 279 
in copper, determination of, 190, 196 
detection of 280 
detection off in iron ores, 3 
detection of, in sulphur, 4^ * 
determination of, gravimetrically — • 
as ammonium magnesium arsenate, 272 
as arsenic pentasulphide, 271 
as arsenic pentoxide, 273 ^ 
as arsenic trisulphide, J71 
as silver arsenate, 2^ ^ • 

determination of, volumetrically-* , 

as arsenic acid, 275 • 

as arsenious acid, y 4 ^ , 

• in hard lead, determination of, 234, 235 
in iron, deamination of — « 
distillation m#lhod, 79 
sulphide method, 78 
in iron ores, determination of, 20 
in lead'hlloys, determination of, 239, 240 
in lead, determination of, 231 
in nickel, determination of, 318 
ores, 270 

ores, analysis of, 277 • 

in ores, speisses, waste, etc., determination 
of, 275 

in precif^tated phosphate, detection and 
determination of, 466 

in precipitated stannic acid, detection and 
determination of, 212 

*in rosaniline and rosaniline residues, deter- 
mination of, 279 

separation of, from antimony and tin, 284 
in shot, determination of, 239 
in tin alloys, determination of, 260, 262, 
in tin, ddi^ermination ©S', 257 
in zinc, determination of, 297i 298 
^Arsenic acid, examination of, for use in 
making magenta, 925 

specific gravity of, of various strengths, 926 
volumetric determination of, 275 
Arsenical ores, determination of gold in, 127 
Arsenious acid, analysis of crude, 278 
volumetric determination of, 274 
Asbestos for filtration purposes, preparation 
of, 394 

Ash in bones and bone-meal, determination 

in fooQstuffs, determination of, 455, 468 
^^determinaticn of total conststuents of, 456 
in glue, determination of, 537 
in pitch, determination of the, 836 
Aspen wood for making match splints, 525 
Asphalt, differentiation of, from coal tar 
pitch, 844 
Assay balance, 96 
^ ton weights, 107 
Auramin and Auramin G, 994 
Aureoline, 990 

Auriferous antimony, assay of, 144 
lead, cupeliation of, 128 
silver, determination of gold in, 142 
tinstone, assay of, 128 


Audn, lc?o8 
Aufmal Black, 1044 
Azi^me Fast Yellow G, 989 
Azifie dyes, 1031 

AzI dyes applicable f^r the “two -bath** 
process, 988 * 

, behaviour of, on reduction, 1047, I117 
composition of commercial — 
amincftzo dyes, 951 
aminonaphtholazo dyes, 964 
a20#dyes from carboxylic acids, 960 
.azostilbene dyes, 989 
dihydroxynaphtholazo dy<!*s, 962 
^ disaz«) dyes, 965 •• 

hydroxyazo dyes, 955 
0 polyazo dyes, 979 
tetrazo dyes from benzidine, etc., 970 
estimation of, 951 .. 

examjhation of, 951 ^ ^ 

Azo Acid Black TL extra, 968 

Azo Acid Carmin B, 963 

Azo Acid Violet 4R, 962 

Azo Acid Yellow, 953 

Azo Blacks, 967 # 

Azo Bordeaux, 958 ^ 

Azo Carmins B and G, 1034, ^©35 
Azo Cochineal, 959 
Azo Corinth, 982 
Azoflavino^', 953 
Azofuchsines B and G, 962 
Azogen Red, 879 
Azo Green, 998 
Azo Green T, 1034 
Azogrenadine S, 959 
Azophor Blue D, 878 
Azophor Red /►nd Azophor Orange, 879 
Azorubin (Azo Acid Rubin), 957 
Azostiibene dyes, composition of com- 
mercial, 989 ^ 

Balances for weighing samples of ores, 
eta, 94 , 95, 96 

Barium, determination of, in iron ores, 20 
Barium nitrate for use in making explosives, 
examination of, 486 

nitrate for use in match compositions, 534 
Bases in light oil, determination of, 767 
Basic slag. See under Slag 
Basle Blue R and S, 1034 
Batea for the preliminaiy assay of gold 
ores, 124, 125 

Beans, detection and determination of 
hydrocyanic acid in, 460 
Bearing metals, analysis of, 212, 261 
sampling, 93 
Benzaldenyde, 889 
estimation of, 

estimation of benzoic acid in, 
examination of, 890 • # 

Benzene, detection of aliphatic hydrocarbons 
" in, 847 

detection and determination of impurities in — 
carbon bisulphji^e, 795 ^ 

paraffin hydrocarbons and naphtheaesCZ99 
resinifiable and unsaturated com- 
pounds, 800 
thiophene, 797 
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Benzene (conidJ), determination of, in commer- 
^ cial benzol, 787 A 

distinction and estimation^of, mij^d Ivith 
petroleum benzine, etc., 793 
fractional distillation of, 847 | 

in gas, determination of, 661 
properties of pure, 845 ^ 

tetrazo dyes from, 970 
vapour, calorific power of, 693 • • 
vapour in gas, determir^tion of, in Pfeiffer’s 
^ apparatus, 651 • 

varieties of, used in the colour industry, 846 
Benzidine, 87a 

*determinationrt>f, 877 • ^ 

Benzoazurin G, 975 

Benzo Black Blues, 979 • 

Benzo Chrome Brown 3R, 983 
Ben^o Da^ Green B, 985 
Benzoflavi»e, 1037 % 

Benzo Grey, 980 
Benzo Indigo Blue, 980 
Benzo Nitrol Brown 5B, 989 
Benzo Nitrol Brown G and zR, 988 
Benzo Nitrol Dark Brown N, 989 
Benzo •Olive, 983 
Benzopurpurin 4B, 973 
Benzo Red 3G, 975 
Benzo Sky Blue, 975 
Benzoic acid, 890 # 

in benzaldehyde, estimation of, 890 
titration of, 890 
Benzol, commercial, 779 
composition of commercial, 781, 791 
composition of 50 and 90 per cent., 846 
crude, for carburetting in the cold, 629 
determination of carbon* bisulphide in 
crude, 630 

determination of the individual hydro- 
carbons in, 787 

determination of the range of boiling point 
of — 

Allen’s “ retort test,” 782 
Lunge’s test, 784 

determination of the specific gravity of, 782 
determination of thiophene in crude, 631 
determination of total sulphur in crude, 629 
distillates from mixtures of 50 per cent, and 
90 per cent, 768 

and toluene, distillates from mixtures 
of, 769 

Benzonitrol, 879 
Benzotrichloride, 889 
Benzyl chloride, 888 
Benzyl Violet, 1001 ^ 

Benzylidene chloride, 889 ^ 

Biebrich Scarlet, 965 

Binding substances for rajSfech compositions — 
dextrin, ? 5 o _ 

gtae, 535 

gum, 548 • , 

Starch, 550 

Bismarck Brown, 952 ^ 

Bismuth^illoys, analysis^of, 253 
^n isearing metals, determination of, 212 
commercial, 249 

in copper, determination of, 192, 199, 20l 
detection of impurities in commercial, 250 


Bismuth (^contd.), determination of, colori- 
•letricall^, 247 ^ 

determination of, electrolytically, 253 
determination • of antimony and arseiuc 
in, 251 

determination of gold in, 253 
determination of iron in, 251 
determination of, in metallui%ical products : 

HeintprjJj methods, 245 
determination of lead in, 252 
determination of silver in, 253 
determination of selenium in, 252 
determination of, in ores : Fresenius’ 
method, 243 

‘ determination of, in slags from silver 
• refning, 246 
•determination of sulphur in, 253 
determination of teJJurium in, 252 
determination of tiiwn, 251 
-gold, 123 • i 

-gold alloys, determination of gold in, 144 
in lead alloys, determination of, 24 1 
in lead, determination of, 231 
minerals containing, 242 
ochre, analysis of, 245 
quantitative analysis of, 250 
separation of, from lead, 243, 244 
Bismuthitef analysis of, 245 
Bixin, a dyestuff in annatto, 1177 
Black powder, analysis of — 
determination of charcoal, ^96 • 
determination of saltpetre, ^95 
determination of sulphur, 496 
qualitative examination, 495 
Blast-furnace creosote, 832 
slags, analysis of, 27 
tar, 755 

Blasting gelatine, qualitative examination 
of, 506 

quantitative examination of, 50^ 
testing, for stability, 516 
Bleaching power of light, unit of, 948 ^ ^ 

Blendes, testing the degree of calcination 
of roasted, 293 

Blister- copper, analysis of, 203 
Blood, analysis of dried — 
ash and sand, 431 
moisture, 430 
nitrogen, 431 
phosphoric acid, 430 

Blo^wpipe assay, Plattner’s, for gold, 129 ^ 
for silver, 108 ^ 

Board of Agriculture ; regulations ft)r analysis 
of ferti^ers and feeding stuffs, 469 • 
Boiling flasks in gold assays, apparatus for 
use in, 138 

Bone-meal, analysis of raw and steamed — 
ash, etc., 431 
carbon dioxide, 432 
f«t, 432 
fineness, 432^ 
moisture, 431 
nitrogen, 431 ^ 
phosphoric acid, 431 
skin and horn, 432 

determination of assimilable phosphoric 
acid in, 400, 403 
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Bone-meal (co 7 itd.)^ determination of phos- 
phorTc acid in, as phosphomolybdic tnhy- 
^ dride, 397 

preparation of samples of, fftr analysis, 398 
Bone phosphates, analysis of, 421 
Bones, analysis of boiled — 
ash, 

carbon diolide, 432 

fat, 432 ^ 

fineness, 432 ^ • 

moisture, 431 

nitrogen, 431 

phosphoric acid, *43 1 ^ 

skin and horn, 432 ^ 

analysis of dissolved, 43^ *■ 

Bordeaux B, 958 ^ ^ 

Bournonite, determination of lead in, 224 
Brasilin, the dyestuff of Brazil wood, 1182 
Bra|^, analysis of, 216 f* 

Brazil-wood, * 1^31 ^ r 

^ examination of, aifid its extracts, 1182 
extract, detection of, in archil extracts, 1172 
Brewers’ grains, determination of fat in, 447 
Brilliant j^izarin Blue, 1026 
Brilliant Cresyl Blue 2B, 1027 
Brilliant Fast Red G, 956 
Brilliant Green, 995 
Brilliant Milling Green B, 1008 ^ 

Brilliant Orange G, 956 
Brilliant Rosinduline Red B and BD, 1033 
Brilliant Sulfhone Red B, 959 
Briquettes, valuation of coal tar, 841 
valuation of pitch for making, 839, 841 
Bromine, 918 

Br^mite (native silver bromide), 97 
Bromo-indigos, 1040 
Bronze, phosphor-, analysis of, 214 
silicon-, analysis of, 215 
Bronzes, aluminium-, 352 
analysis 0^,208, 21 1 « 

containing zinc, analysis of, 210 
^ rich in tin, sampling, 93 
Brown DSP, 975 

Bucking plate and bucking hammer, 90, 91 
Bullion, colorimetric determination of bismuth 
in iDase, 248 

dry assay of, for silver, 1 10 
Burners for gas photometry, standard — 
flat-flame burners, 708 
London No. I Argand, 705 
Metropolitan No. 2 Argand, 707 ^ 

Cachou £e Laval and Cachou de Laval S, 
<*^041 m n 

Cadmium alloys, analysis of, 306 
in aluminium scrap, determination of, 353 
amalgam, analysis of, 306 
analysis of metallic, 305 
in bismuth alloys, determination of, 254 
in crude zinc and spelter, determinaifion of, 

^ 303 ’ 

determination of — 
electrolytically, 304 
gravimetrically, 303 

determination of, in silver plating solutions, 
120 

in flue dust, determination of, 304 


Cadmium* in lead, determination 

§)f, 232 

oils, ^alysis aif, 304 
inline, determination of, 297 
iq|zinc dust, determination of, 305 ^ 

Calamine, 287 
palaver! te, 123 

Calcium in artificial manures, estimation of, 
444 »' ^ 

in ash of foodstuffs, determination of, 456 
in iron^ores, determination of, 20 
Calcium carbide, analysis of the imdecom- 
posed residue from, '602 ^ 

^ carbide, apparatus for deter»sining yields of 
gas from — 

iCaro’s apparatus, 59-? 

Gatehouse’s apparatus, $96 
Lunge and Cedercreutz’s appajatus, 
othe/ apparatus, 597 ^ 

carbide, complete analysis of, 601 
carbide, composition of commercial, 587 
carbide, determination of the yield of gas 
from, 590 

carbide, gravimetric valuation of, 6<w 
carbide, percentages of, corresponding to 
various yields of acetylene, 594 
carbide, raw materials for making : coke, 
anthracite, limestone, 586 
carbide, ^mpUng, 588 
carbonate in nitrocellulose, determination of, 
497 

cyanamide, analysis of, 437 
nitrate, analysis of, 436 
orthoplumbate for use in match composi* 
tions, 534 
phosphates, ^6 
Calico, print trials on, 944 
Calorific power of gas, deteimination of the, 
689, 694, 695 ^ 

value of furnace gases, calculation of the, 
615 

Calorimetry of gas, 695 
Camphor for use in making explosives, 
examination of, 492 
Candles, sperm, as light standard, 698 
Cap compositions, determination of mercury 
fulminate in, 512 
Capri Blue GN, 1027 

Carba^ol in anthracene, determination of, 808 
Carbide-carbon, determination of, in iron or 
steel, $9 

Carbide Black BO and RI, 986 
Carbolic acid, 8 r I 
examina'^cion of crude, 818 
liquid, hght and dark, 8x4 
preparaSons, 817. See also Phenol 
Carbolic disinfect^g powders and their 
analysis, 820 « 

Carbolic oil, compositioriT and properties 

. 773 « 

examination of, 773 
working up of, 775 
Carbolineum, 833 ^ ^ 

Carbon in aluminium, determination of,«54QC-^ 
in coal tar, determination of free, 759 
in fused nickel, determination of, 319 
in iron ores, determination of, 41 
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Carbon (contd^ in iron or steel, determination 
of — 

carbide-carbon, 59 ^ 

combined carbon, 57 
^graphite and t^per-carbon, 56 
total carbon, 48 

in nickel, determination of, 318 
Carbon bisulphide in benzene, detection of, 
,795 , 

in benzene, determination of, 796 
in crude benzol, determination ctf, 630 
in gas, determination of, 668 , 

Carbon dioxiiie in afnmoniacal liquor, deter- 
• minatioi^of, 735 ■» ^ 

. in gas, determination of, by absorption, ' 
634, 650, 6^4 

in mineral phosphates, determination of, 

* ** 

Carbon m^oxide, calorific power 01^693 

in gas, determination of, by absorption, 
636, 651, 665 

and hydrogen, analysis of mixtures of, by 
combustion, 639 

hy4rogen, and methane, analysis of mix- 
• tures of, by combustion, 640 
Carbonates in dynamite, determination of, 504 
Carbonic acid, determination of, in iron ores, 27 
Carbonyl chloride, 918 

Carburetted water gas, analysis^tof oils used 
for making, 626 

Carburetting gas in the cold, oils for, 629 
Carmin and Carmin Lake (cochineal prepara- 
tions), 1178 
estimation of, 1181 
Carmoisin, 957 ^ 

Carnotite, 331 
analysis of — 

Finn^s method, 339 
Fritchl?s method, 338 
Ledoux & Co.’s method, 340 
Carthamin, the dyestuff of safflower, 1183 
Catechin, estimation of, by means of formalde- 
hyde, 908 
Catechu, 1183 
preparations, 1184 
Catigen Brown N, 1044 
Catigen Indigo RL, 1044 
Cellulose in nitrocellulose, determination of 
unnitrated, 500 

for use in making explosives, examination 
of, 489 _ . . ^ 

Ceria in thorium nitrate, determination of, 7^7 
Cerussite, 220 

determination of lead in, 225 ^ 

Charcoal in black powder, determination of, 
496 

mixture for fireworks, . . r 

for use in making explosives, examination of, 

487 

Chestnut extract, 1184 ^ ^ 

extract, detection of, in logwood extract, 
ti63, 1164 

Chili saUpetre. See Sodium nitrate 
^Uil«ramin Black N, 980 
uhloramin Blue 3G and HW, 982 
Chloramin Green, 985 
Chloramin Orange and Brown, 991 


Chloramin Yellow GG and M, 991 ^ 

Chlorate in |)otassium nitrate, determination 

of, 483 ^ 

Chlor-auric acid, 374 
Chlorazol Blue 6G, 975 
Chlorazol Deep Brown B, 984 
Chlorazol Green G, 984 
Chloride in potassium nitrate, determination 
of, 4835 9i> 

Chlorine in,ash of foodstuffs, determination of, 

457 

in cement-copper, detymination of, 204 
in sal-am^niac slags, determination of, 302 
Chlorophenin, 90.1 ^ 

Chondrin, preparation and properties of, 535 

Chromarone Blue R, 963 

®hromazone Red A, 963 

Chromazurins, 1030 

Chrome alum and its'^amination, 366 

Chrome iron^ores, analysis off?23 

Chrome Blue, 1007 '> 

Chrome Brown P, 959 
Chrome Fast Cyanine G, 965 
Chrome Green, 998 
Chrome Patent Blacks, 968 
Chrome Violet (triphenylmethane dye), 998 
Chrome Violet (rosolic acid dye), 1009 
Chrome Ylllow GG, 960 
Chromic anhydride in potassium chromate and 
bichromate, determination of, 364, 365 
oxide in chrome alum, determination of, 366 
Chromine G, 990 
Chromite, 322 
valuation of, 322 
Chromotrope dyes, 963 
Chrysamin G, 971 
Chrysaniline, 1037 
preparation of, 1038 
Chrysoidine (diaminoazobenzene), 952 
Chrysoidine R, 952 
Chrysoin, 955 
Chrysolin, 1010 
Chrysophenin, 97 1 

Chromium in aluminium alloys, determina- 
tion of, 351 
detection of, 323 
detection of, in iron ores, 4 
determination of, in iron ores — 
gravimetric method, 17 
volumetric method, 38 
determination of, in iron or steel — 

Donath’s method, 71 ♦ 

Galbraith’s method, 7 ^ 

Gregor’s method, 73 * 

Namias’ method, 70 
Reinhardt’s method, 71 
Schneider’s method, 72 
Spiiller’s method, 70 
Stead’s method, 72 
Ziegler’s method, 70 
mordanting wi^h, 942 
ores, 322 

analysis of, 322, 323 
Chromium acetate, 366 
chloride, 366 
fluoride, 366 
sulphate, 366 
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Ciba Blue*B and 3B, 1040 ^ 

Ciba Bordeaux, 1041 ^ ^ 

Ciba Green G, 1041 ^ 

Ciba Heliotrope B, 1040 
Ciba Red and Violet, 1041 
^ibanone Black, Brown, Yellow, and Orange, 

1023 ,, 

Cinnabar, 150 

Citrate solutions for use in detief^rwning phos- 
phoric acid, 394, 401, 402, 403, 407 * 
Citronine, 953 
Clayton Cloth Red, 993 
Clayton Yellow, 991 #. 

Cloth Reds, 966 ^ * 

Coal, chemical valuation of gas — ^ 

calorific value, 622 

elementary analysis, 621 ^ 

proximate analysis, ^2 
•determination of volara matter in, 623 
direct valuatTcm of, by distillation, 624 
tar, determinatioiTof anthracene in, 807 
tar, examination of — 
carbor^estimation, 759 
distillation test, 763 
sampling, 757 

specific gravity estimation, 757 
water estimation, 760 ^ 

tar oil for fuel, heavy, 833 
tar oils for absorbing naphthalene from gas, 

833 ^ 

tar oils, examination of — 
anthracene oil, 776 
carbolic oil, 773 
^creosote oil, 775 
light oil, 765 
middle oil, 771 
naphthalene oil, 776 
pitch, 777 

tar pitch of different origins, distinction 
between, 843 

tar pitch, examination of — 
t> ash, 836 

briquetting value, 839 
carbon, free, 836 

softening and melting points, 837 
specific gravity, 836 
viscosity, 841 
tar products, final — 
absorption oils, 833 
anthracene, 804 

^benzol, commercial, 779 ^ 

carbolic acideind products, 8l i 
carboiineum, 833 
creosote oil, ^9 ' 

cresols, 81 1 
naphthalene, 802 
pitch, 836 
pyridine bases, 827 
tar, prepared, 834 

tar, properties and composition of, 750'’ 

'tar, sources of, 750 ^ 

Coals, anal3;ses of various gas, 621, 623 
classification of gas, 62 r 
Cobalt, detection of, 313 
detection of, in iron ores, 3 
determination of, by nitroso-jS-naphthol, 312 
by^ potassium nitrite, 312 


Cobalt (co 7 ii£')y determination of, in iron 


me|alli«, 319 * 

ana nickel, separation of, from* other 
f metals — ^ ^ 

electrolytic methods, 308, 309 
•• Mackintosh’s method, 31 1 
Rothe’s ether method, 310 
Wter’ ^method, 31 1 
ores, 307 ^ 

ores, amlysis of, 307, 314 
separation of, from nickel, 312 
in slags, determination of, 316^ 

#in smaltsf determination of, 5*16 
Cochineal, 1177 
# adulterants of, 1179 
ammoniacal, 1179 

- colorimetric valuation of, 1180 ^ ^ • 

dye-tritJs with, 1180 ^ 

preparations of, 1178 
varieties of, 1177 
volumetric valuation of, 1180 
Coerulein, 1013 
Coke oven creosote, 832 
oven tar, 754 # 

oven tar pitch, 843 

for use in making calcium carbide, 586 
Cold Blacks B and R, 1044 
Collodion-c<ji^,ton, stability test for, 517 
Cologne glue, 547 
Colorimetry of dyes, 949 
Coloured fire mixtures, 577 
Colouring matters. See Dyes 
Colours, analysis of antimonial, 287 
Columbia Brown FF extra,, 98 7 
Columbia Greenf 984 
Columbite, 357 

Columbium in tantalum ores, determination 
of, 357 , 358, 359 

Combustion in gas analysis, methods of — 
by copper oxide, 645 
by explosion, 641 
by palladium, 643 
by platinum, 644 
Congo 4R, 974 
Congo Corinth, 975 
Congo Red, 972 
Copper alloys, analysis of — 

alloys with gold and silver, 218 
bearing metals, 212 
brasses, 216 
bronzes, 208, 210 
phosphor-bronze, 214 
silicon^bronze, 215 

in alumjpium alloys, determination of, 350, 

352' 

in aluminium, dettirmination of, 347 
in aluminium scrap, determinati<Jn of, 353 
analysis of blister-, 203 ^ * m 

^ analysis of cement-, 204 ' 

analysis of marketable- 
complete analysis, 187 
complete anaiysisr, iodide method*i 188 
complete an^ysis, thiocyanate 
192 

determination of antimony, 188, 190, 197 
determination of arsenic, 188, 196 
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Copper, analysis of marketable (j:ontd^^ 
determination of bismuth, i88, 192,199 
determination of copperf 188, 194 f 
determination of lead, manganese, and 
, nickel, i8|, 190 § 

determination of oxygen, 194 
determination of phosphorus, 195 • 

determination of selenium and tellurium, 
202 • , 

determination of silver, 193 
determination of sulphur, 195 • 
determination of tin, 191, 202 • 

apparatus fbr the electrolytic determination 

* ^ of, 160 ^ , 

* in brass, determination of, 217 ^ 

in bronzes, determination of, 209, 2H • 
Cornish dry assay for, 156 

^ determination of, colorimetrically, 179 • 

Hein«is method, 180 % 

Smith’s method, i8l 
Waller’s method, 182 

determination of, electrolytically, 159, 163, 
194 

determination of, electrolytically, in presence 
. of arsenic and antimony, 166 
determination of, gravimetrically — 

ammonium nitrosophenylhydroxylamine 
method, 172 

cuprous sulphide method, 161 
electrolytic method, 159, 163 
thiocyanate method, 17 1 
thiosulphate method, 169 
determination of silver in refined and blister, 
no 

determination of small quantities of bismuth 
in, colorimetrically, 2^ 
determination of, volumetrically — 
ammokT^um thiocyanate method, 179 
iodine method (De Haen and Low), 175 
potassium cyanide method (Parker), 173 
stannous chloride method, 177 
dissolving, for analysis, 159 
-gold alloys, touchstone assay of, 136 
in gold salts, determination of, 374 
in Hard lead, determination of, 234, 235 
influence of other metals and non-metals on 
the electroljrtic deposition of, 165 
in iron, determination of, 76 
colorimetric method, 78 
electrolytic method, 77 
gravimetric method, 77 
in iron ores, detection of, 3 
in iron ores, determination of, 20 
in lead, determination of, 232 * 

-lead matte, analysis of, 238 ^ 

-manganese, analysis of, 207 
mattes, ores, speisses,'*and slags, analysis 
of—* 

• determinatioff of alumina, 185 

determinarion of copper, 183 ^ 

determination of iron and lime, 186 
determination of silica, 185 
determination of siiJphur, 184 

J^f! 5 ckel alloys, analysis of, 320 

in nickel alloys, determination of, 319,^ 320 
in nickel and cobalt ores, determination of, 

314 


Copper (conid.') in nickel, determina^on of, 317 
-ilickel mafte, analysis of, 315 
ores, assay ©yow-grade, 180 
ores, commonly occurring, 157 
ores and slags, dissolving, for analysis, 158 
phosphor-, analysis of, 205 ^ 

plating baths, analysis of, 219 
precipitate, analysis of, 204^ 
refining determination of nickel and 

• cobalt in, 316 

scale, sweepings, and residues, analysis of, 204 

silicon'-, analysis of, 2p7 

-silver-gold alloys, determination of gold in, 

. .142 

in silver-plating solutions, determination of, 

f^o 

• slags, assay of low-grade, 181 

in tin alloys, detes^ination of, 259, 263 
in tin, determinate of, 258 • • 

in uraniurit oresj^d^ermination of, 330 
use of mercury cathodf and rotating anodtf* 
for the electrolytic deposition of, 168 
use of rotating electrodes fon the rapid 
electrolytic deposition of, loo 
in work lead, determination of, 237 
Copper acetate, 369 
chloride^ 368 

chloride, specific gravities of solutions of, 369 
liquors, analysis of, 219 
nitrate and its examination, 369 
oxide, combustion of gases wifh, 645 
sulphate, solubility of, 368 
sulphate, specific gravities of solutions of, 368 
Copper Black S, 970 ^ 

Copper Blue B, 970 
Coprolite, analysis of — 
determination of carbon dioxide, 420 
determination of moisture and phosphoric 
acid, 419 

Cordite, heat test for, 518 0 

Cornet assay of gold alloys, 136 
Correine AR and RR, 1030 
Cotton, dyeing on, 941 
examination of black-dyed, 1117 
identification of sulphide dyestuffs on, 1045 
mordanting, 942 

for use in making explosives, examination of, 
489 

Cotton Yellow R and Cotton Orange R, 992 
Creolin, 818 

Cjeosote, detection of petroleum produ#s in, 
832 • # 

determination of naphthalene in, 831 

oil, characteristics of, 82$ * 

oil, composition and properties of, 775 

oil, examination of, 775 

oil, distillation test of, 829 

for timber preservation, tests for, 830 

for use in making disinfectants, characters 

• of, 832 

Creosotes, analyses of various, 831 
characters of, of various origins, 832 
Dresol, composition of coal tar, 813 

determination of w-cresol in commercial — 
Ditz’s method, 817 
Raschig’s method, 815- 
Russig and Fortmann’s method, 816 
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Cresol determination of^the isomeric 

cresols in commercial, 817 ^ ^ 

and soap, examination of sqj-utions contain- 
ing, 818 

^;z-Cresol, determination of, in cresylic acid-— 

^ Ditz's^method, 817 
Raschig’s n^ethod, 815 
Russig and Fortmann’s method, 816 
technical, 814 » 

z?-Cresol, examination of, 817 . ^ 

Cresols, the isomeric, 880 
Cresyl Blue BB and Qresyl Violet B, 1027 
Cresylic acid, determination of wz-jpresol in-— 
Ditz’s method, 817 ^9^ 

Raschig’s method, 815 
Russig and Fortmann’s method, 616 i 

purified, 814 ^ 

Crocein, 3BX, 957 # 

Ci^c«n Orang^ 956 I 
Crocein Scarlet 56, 965 ♦ 

r^rocoisite, 220 
Crumpsall Yellow, 960 
Cryogen Bl^e GR, 1043 
Cryogen Brown, 1043 
Crystal Scarlet 6R, 958 
Crystal Violet, 1001 
Cudbear, 1171 ^ ^ 

detection of adulterants in, 1172, ii73 
estimation of magenta in, 1172^ 

Cumarone in benzene, determination of, 8co 
Cumene, 780,^782 
Cupellation of silver-lead, 105 
Cupro-descloizite, determination of vanadium 
337 

Cuproscheelite, 324 
Curcumein, 953 
Curcumin S, 989 
Curcuphenine Yellow, 992 
Cutch, 1183 

Cyananthren double, 10 

Cyanine, 1036 

Cyanine B, 997 

“ 'Cyanines modernes,” 1031 

Cyanide solutions, determination of gold in, 

131,133 . 

Cyanogen compounds from gas purification, 

725 . . , . 

compounds in match compositions, detection 
of, 569 

products obtained in gas works, analysis of, 
731 

Cyanol FF^997 «» 

Cyanol Green B, 997 
CyanSsin, loii ^ ^ 

Dark Blue 3B, 987 
Delphine Blue, 1029 
Deltapurpurin 5B, 973 
.Descloizite, 331 

determination of vanadium in, 337 ^ 

Dextrin, analyses of, $51. 
determination of constituents of, soluble in 
cold water, 550 * 

determination of insoluble matter in, 551: 
differentiating, from gum-arabic and gum- 
senegal, 552 

in foodstuffs, deterniination of, 457 


Dextrin (conlcL)^ in logwood extracts, detection 


1163 
repara 


prepari^iion and^propertles of, 551 
Diamond Black 2B, 969 
Dianqfne Blacks BlI and Ri3, 97,7 * 

Diamine Blue 3R, 975 
Diamine Bordeaux 13 and S, 974 
Diamine Bronze, 982 
Diamine dyel?, 971, 972 
Diamine Fast Yellow^, 992 
Diamine Gw'een G, 984 
Diamine Nitrazoi Browns, 9SS 
Diamine Red loB, 973 * • 

Diamine Skjr Bine, 975 ♦ 

^Diaminoazobenzene, 952 
, Diamfnogen Black, 96S * 

Diaminogen Blues, 968 

•Diamond Black PV, 964 ^ ^ • 

Diamond treens, 995 ^ 

Diamond Flavin C, 962 

Diamond Yellow G, 960 

Diamond Yellow R, 961 

Dianil Black HW, 969 

Dianil Yellow G, 36, and R, 992 • 

(?-Dianisidine sulphate, commercial, 878 • 

Dianlhin, 973 

Diazine Black, Blues, and Green, 1033 

Dinzo Blue 3R, 987 

Diazo Brilliant Scarlet, 993 

Dibromodinitrofiuorescein, loil 

Dichlorophthalic acid, 892 

Didymia in thorium nitrate, determination of, 

717 

Diethylaniline, 871 

Dihydroxynaphthaleneazo 4yes, commercial, 
962 n 

Dihydroxynaphthoquinone, 1023 
Dimethylaniline, detection and determination 
of, in presence of methylaniliSe, 869 
determination of, in mixture with aniline 
and methylaniline, 870 
properties of, 863 
uses of, 869 

;«-Dinitrobenzene, properties of, 8$r 
Dinitro-a-naphthol and its sulphonic acid, 950 
Dinitroresorcinol, 1024 
Dinitrotoluene, 852 
Dioxin, 1024 

Diphenylamine for use in making explosives, 
examination of, 494 
Diphenylamine Orange, 953 
Diphenylaniline, properties and determina- 
tion of, 873 

Diphenyl Bfue B and R, 1035 
Diphenyl 'j^ellow, 989 
Diphenylcitronin G, 990 
Diphenylmethane dfes, 994 
Diphenylnaphthylmethane dyes, 
Diphenyirosaniline, 1004 ^ 

g irect Black V, 980 • 

irect Blacks (from logw^ood), 1165, I166 
Direct Blue Black 2B, 986 
Direct Deep Black, E^nd RW, 986 # 

Direct Deep Black G, 985 

Direct Indone Blue R, 981 

Direct Yellow, J and RT, 989 

Disazo dyes, composition of commercial, 9^5 
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Disinfectants, creosote for use in*the manu- 
facture of, 832 « 

Disinfecting powders, analysis of caj^oll, 821 
comfiosition of, 820 

Dissolving iron or^^ for analysis, 7 * 

Distillery meal, determination of fat in, 
refuse, examination of, 461 ^ 

Distilling column for benzol, Claudon and 

Morin’s, 789 % ^ 

Dolomitic marl, analysis of, 439 
“ Dope ” in gelatine dynamite, detiermination 
of, 507 

Double Brillfent Sca'rlet 3R (Double Scarlet 
Extras), ^57 • ^ 

Dragon’s blood, 1183 * 

Dye-trials, apparatiTfe for, 935 • 

with dyes which do not “ exhaust,” 939 
> general rules for comparative, 5^36 • 

rapid accurate method for caj^rying out, 
938 

Dyeing battery, experimental, 936 
on cotton, 941 

mordant colours on silk, 940 
on s^k, 939 
on^wool, 941 

on wool with mordant dyes, 941 
Dyes, absorption spectra of different types of, 
1119, 1120 

behaviour of, on reduction, 1047 
chemical examination of, 1046 
classification of, according to method of 
dyeing, 934 

colorimetric examination of solutions of, 949 
colour reactions of, with acids and alkalis — 
black, violet,, and blue dyes, 1050-1080, 
1116 ^ 

brown dyes, 1 108-1 1 15 
green ^es, 1088-1094 
red dy 3 s, 1094-1 108 
yellow and orange dyes, 1080-1088 
composition of commercial — 
acridine dyes, 1036 
azine dyes, 1031 
azo dyes, 951 

di- and triphenylmethane dyes, 994 
hydroxyketones, 1038 
hydroxyquinones and quinoneoximes, 1013 
indigo and thioindigo dyes, 1039 
nitro compounds, 950 
pyrazolones, 993 
quinoline dyes, 1036 
quinoneimides, 1025 
sulphide dyes, 1041 
thiazole dyes, 990 # 

determination of arsenic in, 279 
laboratory examination of, geneTal, 932 
naturally occurring organic — 
blue 4yes, 1 124 
red dyes, Iif7 

yellow dy«s, 1173 ^ 

print trials with, 943, 944 
reagents for use in testing, 1046 
spectBDScopic examir^tion of, 1117 
;fcisting, by different sources of light, 1122 
tests of fastness of — 
to alkali, 945 
to bleaching, 945 


Dyes, tests of fastness of (cojiid .) — ^ 

• to ironiifg and hot-pressing, 947 
to light, 
to milling, ^45 

to perspiration and rubbing, 946 
to water and washing, 944 
which do not “exhaust,” dye-frials witn[ 

939 • 

Dyewood e^t:i^ts, 1159 
esKtracts, ^estimation of, I166 
Dynamite containing nitroglycerine not gela- 
tinised, examination of — 
qualitatjve methods, 503 
quantitativamethods, 504 
destruction or sSmpfes of, 508 
tests for the stability of, 506, 514 
Oynamite, gelatine-, examination of — 
qualitative met|jods, 506 



• 

Eboli Green, 985 
Ebony Black, 986 

E.C. powder, testing, for stability 51 7 
Eclipse Blue, Green, Black, Red, and Browns, 
1044 

Eclipse Yellow, 1042 

Electro-p^ting baths, determination of gold 
in, 133 

baths, determination of silver in, 1 19 
Embolite, 97 • 

Emin Red, 993 
Emplecite, 242 
Eosamin B, 957 
Eosin and Eosin BB, loio 
Eosin J, loil 
Eosin Scarlet, 10 ii 
Eosite, 342 

Erika B, 2GN, and 4GN, 993 
Eriochrome Black»A, 964 ^ 

Eriochrome Blue Black R, 964 
Eriochrome Phosphine R, 961 
Eriochrome Red B, 965 
Eriochrome Verdone A, 966 
Eriocyanine, 1003 
Erioglaucine, 998 
Erythrosin, loil 

Ethane and methane, analysis of mixtures of, 
by combustion, 641 

Ether, examination of, for use in making 
explosives, 494 ^ 

E^hyl acetate for use in jpakinff explosives, 
examination of, 494 
bromidet 896 
iodide, 896 
Ethyl Blue, 1034 
Ethyl Green, 995, 1002 
Ethyl Violet, looi 

Ethylaniline audits determination, 871 
Ethyl-tt-naphthylamine and its properties, 874 
Ethyl-jS-naphthYlamine and its properties, J75 
Ethylene, caloritic power of, 693 
• in gas, determination of, 660 
Ethylene Blue, 1025 
Eurhodines, 1031 

Explosion of gases for analysis, methods of, 
641 
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Explosives, Bergmann and Junk’s stability 
test for, 521, 522 “ r 

destruction of samples of, ^08 
exarnination of finished — 
black powder, 495 

blasting gelatine and gelatine dynamite, 
S06 

dynamite, ^3 

mercury fulminate, 51 1 ^ 

nitrocellulose, 496 ^ ^ 

nitroglycerine, 503 
picric acid and picrates, 50S 
smokeless powde?, 510 
Guttmann’s stability test^f^r, ^9 
heat tests for, 512, 514, ^b, 517, 518, 519 
raw materials for — 

acetone, 492 ^ 

alcohol, 494 ^ 

ammonium nitrate, /86 
ammoniurSperchletate, 486 ^ 

» barium nitrate, 48 6 • 

camphor, 492 
cellulose, 489 
charcoal, 487 
diphenylaraine, 494 
ethyl ether and ethyl acetate, 494 
glycerine, 490 

kieselguhr, 491 ^ 

nitre, crude, 481 
nitric acid, 488 

potassiuiil chlorate and perchlorate, 486 
potassium nitrate, 481, 482 
sodium chlorate, 486 
sodium nitrate, 485 
^sulphur, 486 
sulphuric acid, 489 
wood meal, 487 
stability tests for, 512 

Will’s quantitative stability test for, 521, 522 
Extractive matter in foodsKiffs, determination 
of nitrogen-free, 457, 468 

I^HL ORE (tetrahedrite), 97 
Fast Acid Eosin G, 1012 
Fast Acid Violet B, 1013 
Fast Black B, 1023 
Fast Black BS, 1024 
Fast Black (B. A. S.F.)j I 043 
Fast Blue, 1027 
Fast Greens, 995 
Fask Green Extra Bluish, 998 
Fast Grey D and^, 1043 
Fast Red, §56 

Fast P.ed C, 957 ^ ^ 

Fast Sulphone Violet 4R and 5BS, 959 
Fast Wool Blue, 1003 
Fast Yellow, 953 
Fast Yellow N, 953 
Fastness of dyes, testing the — 
to alkali, 945 
40 bleaching, 945 
to ironing and hot-pressing, 947 
to light, 947 
to milling, 945 
to perspiration, 946 
to rubbing, 946 
to water and washing, 944 


Fat in boiled bones and bone-meal, determina- 
^'on of, 432 

in'Jood^tufe, determination of, 447, 468 
in glue, determination of — 

Fahrion’s method, $4:1^ ^ 

jt<issling’s method, 542 

^ in molasses feeding stuffs, determination of, 

464 

Fatty aci^s rt oilcake and meal, determination 
of free, 447 

Feeding scuffs. Foodstuffs 
Fergqsonite, 357 

Ferric ammonium sulphdte, 361# 

^chloride and its examinatior^ 362 • 

chloride, specific gravities of aqueous solu- 
• tions of, 362 * 

chloride solution, standard, for determina- 
, tion of tin, 267 ^ 

chlorid^ for use in the colour iijjJ^stiy, and 
its examination, 922 
nitrate and its examination, 361 
oxide in artificial manures, determination 
of — 

Congress Committee directions, 4-^4 
Glaser’s method, 414 
von Grueber’s method, 415 
oxide in ash of foodstuffs, determination of, 
456 

salts, redi^tion of solutions of, 30 
sulphate, 360 

sulphate, examination of, 361 
sulphate, specific gravities of aqueous solu- 
tions of, 361 

Ferro-aluminium, analysis of, 68, 352 
Ferro-chrome, analysis of, ZO 
Ferrocyanic acid^in ammoniacal liquor, deter- 
mination of, 738 

Ferrocyanide, determination of the hydro- 
cyanic acid in, 729 

direct determination of, by precipitation, 726 
solutions, determination of iron in, 728 
in spent oxide, determination of, 725 
Ferro-manganese, analysis of — 
colorimetric method, 65 
Hampe and Ukena chlorate method, 6l 
Meinecke’s method, 64 
persulphate method (v* Knorre), 62 
persulphate oxidation method, 63 
Schneider’s method, 64 
Volhard and Wolff’s method, 60 
Ferro-molybdenum, analysis of, 74 
Ferro-silicon, analysis of, 45 
Ferro-titanium, analysis of, 47 
Ferro-tungs^n, analysis of, 73 
Ferrous sulphate, 359 
detectioiJ^of impurities in, 360 
determination of con in, 360 
specific gravities of aqueous solutions of, 
360 ^ * # 

Ferro-vanadium, analysis of, 7*5 
Fertilisers, analysis of lime, 439 
analysis of mixed, 438 

determination of clJrate-soluble phosphoric 

methods for basic slags, 405, 406, 409*^ 
methods for superphosphates, etc., 400, 
401, 403, 473 
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Fertilisers {contd^^ determinatioi? of ferric 
oxide and alumina in — I 

Glaser’s method, 414 ^ ^ 

voti Grueber’s method, 41 5 
determination of free phosphoric acid in- 
gravimetric melhod, 403 • 

volumetric method, 404 ^ 

determination of insoluble and total phos- 
phoric acid in — ♦ ^ 

Bbttcher’s molybdate method, 3^0 
citrate method, 393 • ^ 

Lorenz’s method, 397 
phosphowiolybdic anhydride method, 394 
volumetric^nethod, 387 • ^ 

Wagner’s molybdate method, 389 ♦ 

determination of fnoisture in, 419, 470* ^ 

determination of nitrate-nitrogen in — 

Konig’s method, 383 ^ , 

nitroroeter method, 385 
SchltJsmg’s method, 381 * 

Ulsch’s method, 382 
zinc-iron method, 383 

determination of nitrogen combined as 
immonia in, 380, 444, 471 
determination of phosphoric acid in, 385, 473 
determination of phosphoric acid in, as 
phosphomolybdate by the ether drying 
method, 399 

determination of phosphoric a^id soluble in 
water in, 387, 39^, 472^ 
determination of potassium in — 
detailed method, 410 
shortened method, 41 1, 475 
perchloric acid method, 413 
Vogel and Hajfke’s method, 412 
determination of total |?itrogen in, ^ 
Kjeldahl’s method, when free from nitric 
acid, 375)470 

determinaflion of total nitrogen in, contain- 
ing nitric acid — 

Board of Agriculture method, 471 
Forster’s method, 379 
Jodlbaur’s method, 378 
Stutzer’s method, 379 
Veitsch’s method, 380 ^ 
directions for examining, International 
Congress Committee, 441 
limits of error in stated percentages of 
constituents of, 479 

methods of analysis of, prescribed by the 
Board of Agriculture (1908), 469 
preparation of samples of, for analysis, 39^) 
418, 469 

Fibre in foodstuffs, determination of crude, 
451,468 

Fineness of boiled bones and •bone-meal, 
determination of the,#32 

Fir wood making match splints, 525 
j Fire, mixtures for producing coloured, 577 

Firework compositions — 

charcoal mixture, 576 • 

*‘cold” and “warm’* mixtures, 578 
gre3imixture, 576 ^ 

^^^unpowder, 575 

igniting mixtures, 579 
illumination and coloured fire mixtures, 
577 


Firework compositions (conia ,) — 
#mercury«fulminate, 579 * 

potassium chlorate and sulphur, 578 ^ 
saltpetre aift sulphur, 576 
special mixtures, 579 

mixtures, testing, for liability to spontaneous 
combustion, 584 * • 

Fireworks, duration of burninf of, 583 
priming§ foi^ 

|:ompos!tion fuses, 583 
firing-exciter, 581 
fuses, 581 

guncotton fuses, 58S 
matches, •slow and quick, 5^81 
port-fires, 552 ® ^ 

timt-fuses, 583 

• Wagner’s apparatus for testing the power 

of gunpowderjfor, 575 
Firing-exciter for fireworks, 581 
Fish guano, analysis 

• ash and sand, 431 
moisture, 430 
nitrogen, 431 
phosphoric acid, 430 

meal, determination of total nitrogen in, 

376 

Flavaniline, 1036 
FlavanthrAi, 1022 
Flavazine S, 993 
Flavindulin, 1036 
Flavin, preparation of, 1174 • 

valuation of, 1 1 75 

Flavopurpurin and its estimation, 1016 
Flemish glue, 547 

Flue dust, determination of arsenic in, 278* 
dust, determination of cadmium in, 304 
Fluorescein, 1009 
Fluorescent Blue, 1028 
Fluorine, determination of, in minerals, 416 
F odders, examination of acid, 4^1 
examination of green, 460 
Foodstuffs, analysis of concentrated — 
albuminoids, digestible, 450, 467 
albuminoids, total, 448, 467, 477 
ash, 455, 468 
crude fibre, 451, 468 
dextrin, 457 
fat, 447,468 
hydrocyanic acid, 460 
moisture, 446, 477 

mustard oil, *459 ^ 

• nitrogen - free extractive matter, 457, 
468 • 

oil, 475 * • • 

pentosans, 458 
sand or mineral matter, 468 
sugar and starch, 457 

directions of International Congress Com- 
mittee for examining, 467 
limits of error in percentages of oil and 
albuminoid in, 480 * 

methods of analysis of, prescribed by the 
• Board of Agriculture in 1908, 476 
sampling concentrated, 446, 476 
Formaldehyde, criticism of various methods 
of estimating, 910 
detection of, 898 
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Formaldehyde (contd,')^ estimation of methyl 
alcohol in — • • 

^ Bamberger’s method, 916 
by boiling with caustic so&a, 912 
Gnehm and Kaufler’s method, 913 
method of Verein f. chem. Industrie, 91 1 
^ ZeiseTs iodide process, 916 

estimation of^in mixtures containing other 
aldehydes, acids, or ket^jje^, 905 
properties of, 898 ^ • 

quantitative estimation of aqueous solutions 
of — 

Blank and FinkSibeiner’s inethod, 903 
Brocket and Cambier’s pietnod, 905 
Clauser’s catechin me£tiod, 908 
dihydrazinodiphenyl method, 90$ ^ 

Feder’s method, 910 
Grlitzner’s method, 904 
• Jiexamethylenetelr^ine method, 901 > 
hydrazinC giethodf 908 r 
^ iodometric method, 910 
Kleber’s method, 908 
Lebbin’s resorcinol method, 905 
LemnSe’s method, 910 
Riegler’s gas-volumetric method, 906 
Ripper’s method, 909 
Seyewetz and Gibello’s method, 909 
Trillat’s aniline method, 902 ^ 

Vanino’s gravimetric method, 907 
Vanino and Zeitter’s oxidation method, 907 
Formic acid, Estimation of, by oxidation, 917 
preparation of, 916 
Formyl Violet, 1002 
Freieslebenite, 97 

FAnch Purple (Archil Violet), 1170 
Fluxes for iron ores, analysis of, 27 
Fuchsia, 1032 

Fuel consumption of retort settings, ascer- 
taining the, 619 
^ oil, heavy ^oal tar, 833 *■ 

Furnace bottoms, determination of bismuth in, 
246 

gases, analysis of, 614 
muffle, for the scoiification of silver ores, 98 
pigs, determination of vanadium in, 341 
Furnaces, wind, for assay of silver ores, 104, 

105 

Fuscanthrene, 1023 
Fuses for fireworks, 581, 582, 583 
mixtures for, 579 

F’4^ion mixture for the 'crucible assay of 
silver ores, |,02 
Fustic, 

estoation of dyestuff in, and its extract, 
1176 

extract, 1175 
Galena, 219 

determination of lead in, 222, 223, 224, 225 
Gallacetophenone, 1038 
Galiamin Blue, 1030 ^ 

Gallanil Green, 1030 
Gallanil Indigo, P and PS, 1030 
Gallazine A, 1030 
Gallein, 1013 

Gallic acid and its estimation, 891 
Galiocyanins, 1029 


Galloflavid, 1039 
Gan^ier, 1184 

Gan^pinJJj, Y, R^and B, 1024 
Garnierite, analysis of, 315 * 

Gas^absorption oils for re|noving naphthiyiene 
%om, 833 

^ analysis, apparatus for — 

Bone and Wheeler’s, 652 
Jaeger’f^ 657 
Pfeiffer’s, 648 

analysis, methods Sf combustion for — 
combustion with copper oxide, 645 
combustion by palladium, ^3 
^ combustion by platinum,^44 
explosion, 641 
ba 4 ance, the Lux, 685 
burners, standard — 
flat-flame burners, 708 
London No. i Argand, 705 
Metropolitan No. 2 Argand, 707 
calculation of calorific power of, from 
analysis, 694 

calculation of the specific gravity of, front 
the analysis, 683 a 

calorific and illuminating power of, 688 
carburetted water-, analysis of oils for use in 
making, 626 
coal. See Coal 

determination of acetylene in, 662 
determination of ammonia in, 673 
determination of benzene in, 661 
determination of the calorific power of, 689 
determination of carbon bisulphide in, 668 
determination of carbon dioxide in, by 
absorption, 634, 65.0, 664 
determinatioib of carbon monoxide in, by 
absorption, 636, 651, 66$ 
determination of ethylene in, 660 
determination of hydrocyanic fTcid in, 675 
determination of hydrogen in, by absorption, 
637, 651 ^ ^ 

determination of the illuminating pow'er of, 
625 

determination of methane in, in Pfeiffer’s 
apparatus, 651 

determination of naphthalene in— 

Colman and Smith’s method, 678 
Gair’s method, 680 
Jorissen and Rutten’s method, 679 
determination of oxygen in, by absorption, 
635,651,663 

determination of the specific gravity of — 

Lux gas balance, 685 
Schilling’s apparatus, 684 
determination of sulphuretted hydrogen in — 
by a'usorption, 634 
colorimetrical^, 667 
gravimetrically, 665 e 

volumetrically, 666 ^ 

determination of tar fog inc— 

'' Clayton and Skirrow’s method, 681 
Feld’s method, 682 
determination of total sulphur in-^r 
Blair’s ajid DreSschmidt’s methods, 
Pfeiffer’s method, 673 
Referee” test, 669 
Somervnie’s method, 673 
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Gas (contd.)^ determination of total unsatnrated 
hydrocarbons in, by absorption, 634, 
determination of the yield erf, from (»al,^24 
light standards for use in photometry of — 
jDarcel lamp, ^ 

Harcourt lamp, 699 

Hefner lamp, 701 ' • 

^ sperm candles, 698 

liquor, 612. See also Ammoniadtl |iquor 
-making materials, exa]^ination of — 
gas coal, 620 • 

oils for carburetting in the cold, 629 • 
oils for mfking carburetted water gas, 626 
•mantles, examination of, 718 * • , 

mantles, thorium nitrate for, 716 
manufacture, amm^niacal liquor from, 7^1 
manufacture, analyses necessary in, 611 
_^1, analysis of a sample of, 627 . • 

oil-, conq<3jisate, 631 « 

oil-, tar, 756 

oils for carburetting, in the cold, 629 
photometers for use with — 

• bar-photometer, 709 
tabb photometer, 713 
purification of illuminating, 719 
purification, iron oxide for, 720 
purification, lime for, 723 
retort settings, ascertaining the fuel con- 
sumption of, 619 • 

retort settings, determination of pressures 
in, 619 

retort settings, loss of heat in waste gas 
from, 620 

retort settings, the working of, 612 
retorts, measurement of temperatures in, 618 
specific gravity of, 682 • 

table for correcting the volume of, at 
different temperatures and pressures, 
690, 6^1 ^ 

-tar, characteristics of, 752 
-tar pitch, 843 

volumetric Analysis of, 632, 646 
water-, tar, 755 

Gases, analysis of furnace, from retort 
settings, 614 

analysis of waste, from retort settings, 615 
estimation of, by absorption- 
carbon dioxide, 634 
carbon monoxide, 636 
hydrogen, 637 
oxygen, 635 

sulphuretted hydrogen, 634 
unsaturated hydrocarbons, 634 
estimation of, by combustion, 63? 

Gelatine, blasting, examination of— ^ 
qualitative methods, 506 
quantitative methods, 3%>7 
blasting, lability test for, 516 
dynamite, qualit^ive examination of, 500 
dynamite, quafttitative examination of, 507 
dynamite, testing, for stability, 516 
Gentianin, 1025 j 

Geranin M and G, 993 o 
fJJSswKLn-silver, analysis, of, 3i9i 320 
determination of the silver on plated, 320 
Glacier Blue, 996 ^ . , , , , j 

Gla3rtS, determination of soluble lead m, 242 

II 


Glue, commercial varieties of, 547 ♦ 

composition and manufacture of, 535 
determination acidity and alkalinity 8 f, 

537 , . . • 

determination of ash in, and its examination, 

537 . . ♦ # 

determination of the binding^ower of — 

Setter berg’s and Weidenbusch’s tests, 546 
determinate cm*of the drying properties of, 

•538 

determination of fat in — 

Fahrion’s method, 5411 
Kissling’% method, 542 
^ determination erf ^reign matter in, 538 
determ^ation of moisture in, 536 
% determination of volatile acids (free and 
^ combined) in, 537 
differentiation of airfmal and vegetable, 542 
jelly, determination of the jnelting j^mint 

of, 545 * , ^ 

•jelly, determination of tire viscosity of, 543 
Kissling’s scheme for testing, 536 
liquid, 536, 547 ^ • 

in logwood extract, detection of, 1 1 64 
properties of, 535 

table of results of examination of samples 
of, 540 

Glutin meal, determination of fat in, 447 
Glutin, properties of, 535 
Glycerine glue, 547 • 

nitration test for, 49 1 

for use in making explosives, examination 
of, 490 

Gold alloys, assay of, 140 
Bock's method, 136 
cornet assay, 136 
inquartation with cadmium, 143 
inquartation with silver, 1 34 
touchstone assay, 135, 136 
alloys, imitation, 144 
alloys, parting of, 128, 1 34 
amalgam, determination of gold in, 144 m 
amalgam, determination of mercury in, 1 53 
assay, dry methods of — 
cupellation, 105 
pot or crucible assay, loi 
scorification, 98 

assay, influence of platinum metals on the — 
iridium, 141 
osmium, 142 ^ 

^palladium, 141 
platinum, 140 

rhodium and ruthenium, 142 '* 

assays, inffuence of temperature on, 137 
assays, reporting results of, 1 39 
in auriferous antimony, determination of, 144 
beads as obtained at the London mint, 1 37 
-bismuth alloys, determination of gold in, 

144 

in bismuth, determination of, 253 
* colorimetric determination of, 131 
- -copper alloys, analysis of, 218 ^ 

*in cyanide solutions, determination of, 131 
detection of minute quantities of— 

Carnot’s method, 131 
Dbring’s method, 132 
MayenQon’s method, 132 
• • 4 H 
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Gold, detection of minute quantities oi^contd ^ — 
Schmelk's method, 132 
f Skey’s method, 131 ^ 

^ determination of, approximately, in rich 
alloys, 134 

cs deterimnation of, in auriferous silver, 142 
deterniination of, in chloro-a urates, 374 
determination! of, in gold-silver-copper 
alloys, 142 f 

in electro-plating baths, deternujnationof, 133 
-lead alloys, determination of gold in, 144 
ores, combined wej and dry assays for, 130 
ores, dry assay of — ^ ^ 

cupellation of aurifergq^ lead, 128 ^ 

parting, 128 

pot assay, 125 t 

preliminary assay, 123 ^ 

scorification assay, ]fe25 
fjBom ores, extraction of, by cyanide, 131 
from ores, ^tractioffof, by hypochlorite, 130 
ores, fusion mixtfre for the crucible assay <ff, 
102 

ores, most important, 123 
ores, scorification of, 98 
plating, detection of thin, 144 ^ 
in platinum alloys, determination of, 1 49 
in platinum ores, determination of, 146, 148 
Plattner’s blowpipe assay for, 12^9 
preparation of pure, 139 
table for computing the troy weight of, per 
ton, 108 

Gold chloride, 374 

chloride solution, recovery of gold from, 
p 140 

Grains, examination of, 461 

Graphite, determination of, in iron or steel, 56 

Greenockite, 302 

Grenadine, 1038 

“ Grenat en pSte,” 961 

sGrinding ap^ratus for ores, metals, etc., 90, 91 
Guano, analysis of dissolved Peruvian, 430 
^analysis of fish — 
ash and sand, 431 
moisture, 430 
nitrogen, 431 
phosphoric acid, 430 
analysis of raw Peruvian — 
ash, 429 
moisture, 428 
nitrogen, 429 
phosphoric acid, 428 
potas^um, 4^9 ^ 

purity tests, 429 
analysis of phofphatic, 421 ^ 

determination of potash in, 475 
preparation of samples of, for analysis, 398 
Guinea-Car min B, 957 
Guinea Greens B and BV, 996 
Gum for use in making match compositions, 

548 

Gum-arabic, 548 ^ 

differentiating, from dextrin and gum- 
senegal, 552 ^ 

examination of, 553 
Gum-senegal, 548 

testing and differentiating, from gum- 
^ ^arabic and dextrin, 352 


Gum-tra/acanth, 549 
Guncotton, destruction of samples of, 508 
detection of mercury in, 503 
fuses for fireworks, 582 
testing compressed, for^tability, 516 ^ 

Gunpowder, analysis of-*- 
^ determination of charcoal, 496 
determination of saltpetre, 495 
del^rntli nation of sulphur, 496 
quafitative examination, 495 
for fir^vorks, 575 

fof fireworks, Wagner’s apparatus for test- 
ing the power of; 575 ♦ 

^ testing Schultze, for stability, 517 
Gypsum, analysis of, 433 " 

analysis of phosphatic,*'433 

H^maw, 1159, 1165 ^ 

Hatchet^olite, 357 

Hay, examination of, 460 

Heat tests for explosives, 512, 514, 516, 517, 

518. 519 

Heavy oils from coal-tar, 829 
Helianthine, 954 # 

Helinden Red B and 3B, and lifilinden 
Scarlet S, 1041 
Heliopurpurin 7BL, 956 
“ Heliotropes moderncs,” 1031 
Helvetia BMie, 1005 
Hematin, 1165 

Hemp-seed waste, determination of ash in, 
4 S 5 

Hessian dyes, 974 
Hessite, 123 

Hdchst New Blue, 1003 , 

Hofmann’s Viofet, tool 
Homophosphine G, 1037 
Horn constituents in bones and bone-meal, 
determination of, 432 ^ 

Horn-meal, determination of total nitrogen 
in, 376 

preparation of samples of, for analysis, 398 
Horn waste, analysis of — ■ 
ash, 431 
moisture, 430 
nitrogen, 431 
phosphoric acid, 430 
Howard's silver. See Mercury fulminate 
Hubnerite, 324 
Hydrazine Yellow O, 994 
Hydrocarbons in benzene, determination of 
paraffin, 799 

in benzene, determination of unsaturated, 
800 

detection of aliphatic, in benzene, 847 
in gas, determination of total unsaturated, by 
absorption, ^34, 651 

identification of, by Lippmann «and Poliak’s 
method, 81 1 ^ 

Hydrochloric acid in ammoniacal liquor, 

*' determination of, 735 
determination of arsenic in, 279 
Hydrocyanic acid ^in ammoniacal liquor, 
determination of, 738 

determination of the, in ferroevanide, 72^ 
in foodstuffs, determination oq 460 
in gas, determination of, 675 • 


SUBJECT INDEX 


1221 


Hydrogen, calorific power of, 693 * 
and carbon monoxide, analysis of mixtures 
of, by combustion, 63^ ^ 4 

carboln^ monoxide, and methane, analysis of 
^ ^ mixtures of, Jjy combustion, 640 . 
in gas, determination of, by absorption,*637, 

65^ • 

Hydrogen peroxide and its estimation, 919 
Hydroxyanthraquinone in alizailn, iietection 
of, lois ^ , 

Hydroxyazo dyes, composition of cofnmercial, 

951 

Hydroxy ketoBS dyes,* 1038 
Hydroxyquinoni dyes, 1013 • ^ 

Hyposulphite solution used in indigo dyeing, * 
estimation of tlfe, 1154 • , 

solution for indigo estimation, preparation 
of, n4i 

Idrialite|*i5o 

Ignition mixtures for fireworks, etc., 579 
Illuminating gas. See under Gas 
•Illumination, mixtures for, 577 
Ilsemaqpite, 342 
Immedial Blacks, 1044 
Immedial Blue, 1043 

Immedial Cutch, Direct Blue, Tndone, etc., 1044 
Immedial Yellow D and Immedial Orange 
N, 1042 • 

Imperial Black, 1165 
Imperial Scarlet, 965 

Incandescence mantles, examination of, 718 
thorium nitrate for, 716 
Indalizarin R, 2R, J, JR, I031 
Indalizarin Green, JC031 
Indanthrens, 1022, 1023 # 

Indazine, 1033 

Indene in benzene, determination of, 800 
Indican, estifliation of, in indigo leaves, 1151 
Indigen Blue, BB, B, and R, 981 
Indigo Blue, colorimetric estimation of, 1131 
Blue, separation of, from other constituents 
of indigo, 1126 

chemico-physical examination of, 1129 
colorimetric examination of, 1131 
constituents of natural, 1127 
detection of, on wool, 1157 
dyes, 1039 

estimation of, by dye-trials, 1129 
estimation of, on the fibre — 

Brylinski’s process, 1155 
Knecht’s process, 1157 
Mdhlau and Zimmermann’s process, 1156 
Renard’s process, 1155 ^ - • 

estimation of Indigo Red in, 1132^ 
pastes, 1040 

preparation of pure, 1 14» 
preparations from indigotinsulphonic 

acid, 1127 ^ 

purification befor-e sulphonation, 1147 ^ 

salt, 1039 

Schlumberger’s chlorine test of, 1154 
specific gravity of, ofv^ious strengths, 1128 
r-^tondard solution of, for colorimetry, 1133 
substitute (from logwood), 116$ 
sulphonation of, 1141 
sjwthetic, analysis of, 1136 


Indigo (conid^^ varieties of natural-# 

•African indigo, 1125 
American igdigo, 1125 
Asiatic indigo, 1124 

Indigo Carmin, composition of commercial 
^ brands of, and their examinatioJi, 1127 « 
Indigo Red, colorimetric e^imation of, in 
natural and synthetic^ indigo, 1131, 

1132 ^ •• 

in indigo, estimation of, 1132 
Indigotio, criticism of the methods of esti- 
mating, 1152 ^ 

estimation of — 

Bergtheii an^^ riggs’ method, 1152 
Bloxam’s method, 1149 
extifction processes, 1134 

♦ Mcihlau and Zimmermann’s process, 1136 
oxidation processes, 1145 

estimation of, by reduction methods— 
by hyposulphite, 1II38, if39, 1141 

♦ by titanous chloride, ^144 
by vanadyl sulphate, 1139 

by zinc, 1137 ^ 

estimation of, by Ulzeris method^ 1133 
Indochromin T, 1026 
Indochromogen S, 1026 
Indoine R,^io32 
Indophor, 1039 
Induline Scarlet, 1034 

Indulines, preparation and reactions of, 1 03 5 
Ingots, sampling, 93 

International Congress (1903) Committee, 
directions for examination of feeding 
stuffs, 467 • 

Iodine and its examination, 918 
solution for determination of tin, standard, 
269 

Iodine Violet, looi 
lodite (native silver iodide), 97 
Iridium, influence ‘of, on the >siint assay 
gold, 141 ^ ^ 

Iron in aluminium, determination of, 347 
- in aluminium scrap, determination of, 353 
analysis of arsenical, 277 
articles, determination of the nickel on 
plated, 321 ^ * 

in bismuth, determination of, 251 
in bronzes, determination of, 209 
in cadmium, determination of, 306 
in chrome ir^n ores, determination of, 

.. 324 . ^ f 

in copper ores, mattes, slsgs, aid speisses, 
determination of, 186 ^ 

detection frf chromium^ inf 32 3 
determination of aluminium in, 68 
determination of antimony and arsenic in — • 
distillation method, 79 
sulphide method, 78 
determination of carbon in — 

(ftlorimetric method, 3$ 
direct dry cojnbustion, 48 
• direct wet combustion, 49 
• separating carbon followed by wet com- 
bustion, 52 

separating iron and combustion of 
residue, 56 

determination of combined carbon in, <5^ 
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Iron (coni^!)^ determination of chromium in — 
Donath’s method, 71 *' ^ 

t Galbraith’s method, 7 ^ 

^ Gregory’s method, 73 
Namias’ method, 70 
^ Reinhardt’s method, 71 
Schneider’s method, 72 
Spiiller’s m?chod, 70 
Stead’s method, 72 ^ 

Ziegler’s method, 70 ^ . «> 

determination of copper in — 
colorimetric metl^pd, 78 
electrolytic method, 77 ^ 

gravimetric method, 7 J ^ 
determination of ferrous and ferric, in iron 
ores, 33 

determination of, in iron ores — ^ 

“ dry assay ” methode, 41 
gravimetric methods, 9 
volumetii? method^, 28 ^ 

r determination of nfiolybdenum in, 74 « 

determination of nickel in — 
dicyan^diamidine method, 67 
dimethylglyoxime method, 66 
electrolytic method, 68 
nickel oxide method, 65 
nickel sulphide method, 66 ^ 

potassium cyanide method, 67 
determination of oxygen in, 88 
determination of phosphorus in — 
ignition method, 86 
oxidation method, 87 
determination of silicon in — 

^ Blum’s method, 44 
Drown’s method, 45 
evaporation method, 44 
determination of slag in wrought, 88 
determination of sulphur in — 
as barium sulphate, 84, 85 
as metallic sulphide, 80, 82, 83 
determination of tin in, 79 
determination of titanium in, 47 
determination of tungsten in, 73 
determination of vanadium in — 

Campagne’s method, 76 
Ledebu-r’s method, 75 
in ferric chloride, determination of, 362 
in ferric nitrate, determination of, 361 
in ferric sulphate, determination of, 361 
in ferrous sulphate, determination of, 360 
ferrocyanide solution, ’"determination^ of, 
, 728 r^ ^ 

in garnierite, etc., determination of, 315 
in fead, determiiPation of, 232 
in nickel, determination of, 3 1 8 
in nickel alloys, determination of, 320 
ores, analysis of chrome, 323 
ores, analysis of fluxes for, 27 
ores, degree of oxidation of, 42 
ores, degree of reducibility of, 43 
^res, detection of antimon3f,and arsenic in, 3 
ores, detection of chromium in, 4 ^ 

ores, detection of cobalt, copper, and lead 
in, 3 

' ores, detection of manganese in, 2 
ores, detection of nickel in, 3, 4 
’bres ,, detection of phosphoric acid in, 2 


Iron ores Xcontd,)^ detection of sulphur and 
sulphuric acid in, 3 
or^, d^;tection «f titanium in, 4 
ores, detection of vanadium in, 4, 33i 
ores, detection of zinc in^3 * 

ores, determination of aJkalis in, 20 
r ores, determination of aluminium in, 9 
ores, determination of antimony and arsenic 
in^20f> 

ores, determination^ of barium and calcium 
in,#co 

ores, determination of carbon in, 41 
ores, determination of carbonii^acid in, 27 
^ores, determination of chron>»ium in, 1 7, 38 « 

^ ores, determination of cobalt and copper in, 20 
^ oro6, determination of irdh in — 
bichromate method, 31 
• as ferroijs and ferric iron, 33 

gravimetric method, 9 ^ ^ 

permanganate method, 29 
stannous chloride method, 32 
ores, determination of lead in, 20 
ores, determination of magnesium in, 20 
ores, determination of manganese in-r* 
gravimetric methods, IT, 15 
volumetric methods, 33 
ores, determination of nickel in, 20 
ores, determination of phosphorus in, 22, 38 
ores, determination of silica in, 8 
ores, determination of sulphur in, 25, 38 
ores, determination of titanium in, 25 
ores, determination of tungsten in, 26 
ores, determination of vanadium in, 38 
ores, determination of moisture in, 6 
ores, determination of zinc in, 19 
ores, dissolving, for analysis, 7 
ores, qualitative analysis of, I 
ores, quantitative analysis of, 5 
dry assays, 39 ^ 

gravimetric methods, 6 
volumetric methods, 28 
ores,, reducibility test of, 39 
ores, sampling, 5 
ores, weighing out samples of, 6 
preparation of pure, for precipitating^ anti' 
mony in presence of tin and arsenic, 260 
sampling, for analysis, 43 
slags, analysis of, 27 

in sublimed arsenic, determination of, 278 
in tin alloys, determination of, 259 
in tin, determination of, 258 
in vanadium-uranium ores, determination 
of, 339 

in zinc, determination of, 296, 297 
in zinc ores, etc., determination of, 295 
Iron oxioe, determination of ammonia and 
thiocyanate^ spent, 730 
determination of ferrocyanide in«Bpent, 725 
determination of sulpfaui^n spent, 724 - ^ 

for gas purification, examination of — 
absorptive power for sulphuretted 
hydrogen, 722 

combined water ^nd organic mailer, 722 
ferric oxide and silica, 722 
free moisture, 721 
sampling, 721 
spent, 612, 723 
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Iron acetate, 362 
alum, 361 

alum solution for the Voliiard silver ftssay 
ihethod, 1 17 
Iso{iurpurin, 1015 • 
preparation of, loi^ 

Italian Green, 1042 

Janus” dyes, 970 • , 

Java beans, hydrocyanic acid in, 460* 

Jelly, examination of mineral, use in 

making explosives, 491 ^ 

Joiner’s glue, §47 

• • • 

Kerargyrite, 97 

Ketone Blues G, R,*and 4BN, 998 • 

Kieselguhr for use in making explosives, 
examination of, 491 ^ , 

Kino (gu$;^ 1184 * 

Kratok beans, hydrocyanic acid in, 4^0 
Krennerite, 123 

•Lakes of coal tar colours, detection of, in 
co(jiineal, 1179 

Lamp# for use as light standards — 

Carcellamp, 702 

Har court 10 c.p. pentane lamp, 699 
Hefner lamp, 701 

Lanafuchsine SB and SG, 959 • 

Lanacryl dyes, 964 

Lanthana in thorium nitrate, determination 
of, 717 

, Lead alloys, analysis of — 
shot, 239 

tin-lead alloys^ 238 
type-metal, 239 • 

alloys, determination of antimony in, 283 
alloys, sampling, 93 
in aluminifm, determination of, 349 
in alumimum scrap, determination of, 353 
analysis of commercial, by Fresenius’ 
method, 229 
analysis of hard, 264 
analysis of hard (antimonial) — 

by determination of specific gravity, 236 
by Fernandez - Krug and Hampe’s 
method, 239 

by Nissenson and Neumann’s method, 233 
analysis of waste, 241 
analysis of work, 237 
-antimony alloys, sampling, 93 
ashes, analysis of, 241 
in bismuth alloys, determination of, 254 
in bismuth, determination of, 25^ 
in bronzes, determination of, 209, 21 1 
in copper nitrate, determination or; 369 
cupeliation of auriferous^i28 
detection«of, in iron ores, 3 
determination of^ntimony in, 230, 234, 235, 
23^, m* . . 
determination of arsenic in, 231, 234, 235 
determination of bismuth in, 231 
determination of b|smuth in refined, 
colorimetrically, 248 
determination of cadmiunt in, 232 
determination of copper in, 232, 234, 235, 

^ 237 


Lead (contd.')j determination of, in iron ores, 20 
d«terminatfbn of iron in, 232 * 

determination^of manganese in, 233 
determination of nickel in, 232 
determination of silver in, 231, 237 
determination of silver in furnace, j: 10 
determination of silver in hard, 1 10 
determination of sulphur in%ork, 237 
determinatii^of tin in hard, 234 
determination of zinc in, 233 
extraction of silver by, 98, 99 
in glazes, determination of soluble, 242 
-gold alloy^ determination of gold in, 144 
ingots, sampling, 263 
mattes, assay ot, 223, 238 
in niiiel-copper matte, determination of, 

• 315 

ores, assay of oxidised, 222 

ores containing sulphur, dry assay of, 2^1* 

ores, deterpiination c)!^bismT*tfi in, 246 

• in ores, determination erf, as metal or alloy — « 

ROssler’s method, 225 
von Schulz and Low’s method, 224 
in ores, determination of, as sulfmate, 222 
ores, dry assay of, for silver, 103 
in ores, electroljrtic separation of, as per- 
oxide, 226 
ores, important, 219 

ores, precipitation or Belgian dry assay 
for, 220 

in ores, volumetric determination of — 
chromate method, 229 
ferrocyanide method, 229 
molybdate method, 228 
sampling argentiferous, 93 * 

-silver alloys, determination of silver in, 
118 

and silver assay, combined, 108 
in slags, determination of, 241 
slags, dry assay of, for silver,^ 03 
speisses, determination of lead in, 224 
in tin alloys, determination of, 261, 263 
in tin, determination of, 258 
in zinc bottoms or hard zinc, determination 
of, 301 

in zinc, determination of, 296 

in zinc ores, etc., determination of, 29$ 

Lead acetate, 369 
brown sugar of, 370^ 
nitrate and its examination, 370 
peroxide and itS examination, 922 
ffer oxide, valuation of, 92^ ^ 

peroxide mixed with lead nitrate for use 
in nmteh compositiqps, 532 _ ^ • 

peroxide for use in match compositions, 533 
thiosulphate for use in match compositions, 

532 

sulphate and its examination, 371 
Leather waste, analysis of — 

*sh and sand, 431 
moisture, 430 
• nitrogen, 431 ^ 

• phosphoric acid, 430 
Leather Brown, 1037 
Leather Yellow, 1038 
Leucogallothionines, 1031 
Leucopyrite, 279 



1224 


INDEX 


Lichens, estimation of the dye-forming acids 

in, if69, 1170 ' • 

Light, standards of — ^ 

^ Carcel lamp, 702 

Harcourt pentane lamp, 699 


Hefner lamp, 701 
^ sperSi candles, 698 

unit of bleaching-power of, 948 
Light oil, composition and pnDjDerties of, 765 
examination of, 766 # 

working up of, 770 
Light-fast Yellow 3G, 994 
Light Green SF Yellowish, 996 
Lime in basic slag, determinatioi! of, 426 
in bone phosphates, deterf5unation of free, 421 
in copper ores, mattes, slags, and^spelsses, 
determination of, 1 86 • 

for gas purification, 723 
#n^psum, determination of, 433 
manures, aiAlj^sis off439 , 

, determination oj basic constituents, 440 ^ 
sampling, 439 

in potassium salts, determination of, 437 
for use ^n liberating ammonia, valuation 
of, 740 

Limestone for use in making calcium carbide. 


586 

Liquor aramonise, analysis of, 741 
manufacture of, 740 
valuation of lime for making, 740 
Litharge, anafysis of, 238 
determination of lead in, 225 
determination of bismuth in refined, 245 
scums, determination of silver in, 108 
Litiiol Red, 956 ^ 

Logwood, analysis of, 1 168 
Black, recognition of, 1 1 1 7 
detection of, in indigo-dyed cloth, 1157 
extract, detection of, in archil extracts, 1172 
extracts, adulterants of, and their detection, 
1163, i’x64 

extracts, analyses of, 1168 
Extracts, analysis of, 1166 
extracts, properties of, 1159 
extracts, valuation of, 1160 
properti^of, 1158 
valuation of, by dye- trials, it 60 
Lysol, analysis of, 819 


Madder, 1183 
Migdala Red, 1033 

Magenta, detectipn of, in archil preparatK>ns, 
1172,^173 

“ echappds,** S 6 % r 

and its examination, ICX)0 
Magenta S, 1000 
Magnalium, 352 

Magnesia, determination of, in presence of 
large quantities of lime, $86 
in gypsum, determination of, 433 #• 

mixtures for use in estimating phosphoric 
acid, 390, 392, 394, 4<fe, 407 
in potassium salts, determination of, 437 ^ 
Magnesium-aluminium alloys, analysis of, 3$2 
in ash of foodstuffs, determination of, 456 
determination of, in iron ores, 20 
6pyr^hosphate, loss of, oh ignition, 392 


Malachite tJreen, 995 
Malt culms, determination of fat in, 447 
Man#hesjfer Bro\wi, 952 
Manchester Yellow, 950 
Manganese in aluminiunv aHoySj dctern^na- 
Cion of, 351 ♦ 

^in bronzes, determination of, 210 
-copper, analysis of, 207 
detectipn in copper alloys, 212 
detecticflli of, in iron ores, 2 
in iron^res, determination of-— 
gravimetric methods, ii, 15, 322 
volumetric methods,’ 33, 32.# 

^ in iron of steel, determination of — 
colorimetric method, 6$ 

Hampe and Ukena's dhlorate method, 61 
Meinecke’s method, 64 

, persulphate method (v* Knorrei 62 ^ 

persulphate oxidation method^93 
Schneider’s method, 64 
Volhard and Wolifs method, 60 
in lead, determination of, 233 
in manganese ores, determination of, 324 
in nickel alloys, determination of, 320 
in nickel, determination of, 318 
ores, 321 

separation of, from iron and aluminium — 
acetate method, 1 1 
ammonium carbonate method, 13 
ether method, 14 
sulphate method, 14 
zinc oxide method, 14 
Manganese acetate, 363 
chloride, 363 

peroxide for use in match compositions, 
533 

sulphate, 363 ^ 

Mantles, examination of incandescence, 7JS 
thorium nitrate for, 7 

Manure manufacture, directions for examin- 
ing raw and manufactured products of, by 
the International Congress Committee, 
441 

Manures, analysis of lime, 439 
analysis of mixed, 438 

artificial, determination of ammonia-nitrogen 
in, 380, 444, 471 

artificial, determination of citrate-soluble 
phosphoric acid in^ — 
for basic slags, 40$, 406, 409 
for superphosphates, 400, 40I, 403 
artificial, determination of ferric oxide and 
alumina in- 
Glaser*^ method, 414 
von Grueber’s method, 415 
artificial determination of free phosphoric 
acid in — m 

gravimetric method, 403 • 

volumetric method, 40$ 
artificial, determination oi»<* insoluble and 
total phosphoric acid in— 

Biittcher’s molybdate method, 390 
citrate method, 393 
Lorenz’s method, 397 
phosphomolybdic anhydride method, 394 
volumetric method, 387 
Wagner’s molybdate method, 389 
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Manures (conid,)^ artificial, determination of 
magnesium in, 444 

artificial, determination *of moistui^ in, 
4^9 ^ 

^tificial, determjnation of phosphates in, 
443 , 472, 473 * . t 

artificial, determination of potassium in-ll- 
Congress Committee method, 444 * 

detailed method, 410 ^ 

shortened method, 41 1, 475 •* 

perchloric acid metifod, 413 
Vogel and Haffke’s method, 412 
artificial, ^termination of total nitrogen in, 
containing nitric acid — • 

Forsters method, 379 • • 

Jodlbaur’s method, 378 ^ 

Stutzer’s method, 379 ^ 

Veitsch’s method, 380 ^ 

artificift, determination of total Nitrogen in, 
by-Rjeldahl’s method when'^free from 
^ nitric acid, 375, 444, 470 
artificial, preparation of samples of, for 
analysis, 398, 418, 469 
arti%:ial, determination of nitrogen combined 
, as ammonia in, 380, 444, 471 
artificial, determination of nitrogen com- 
bined as nitric acid in — 

Kbnig’s method, 383 
nitrometer method, 385 
Schlbsing’s method, 381 
Ulsch^s method, 382 
zinc-iron method, 383 

artificial, determination of phosphoric acid 

in, 385 

artificial, deteryiination of phosphoric acid 
in, as phospho-molyWate, by the ether 
drying method, 399 

artificial, determination of phosphoric acid 
soluWe in water in, 387, 398 
Marls, analysis of, 439 
Martius Yellow, 950 

Match compositions, binding substances for — 
dextrin, 550 
glTie, 535 
gum, 548 
starch, 55^ 

compositions, colouring matters for, 554 
compositions, combustible substances for — 
antimony trisulphide, 532 
lead thiosulphate, 532 
phosphorus, dark red, 529 
phosphorus, light red, 530 
phosphorus, white or yellow, 528 
phosphorus sesquisulphide,^3i 
compositions, detection of cyanogen com- 
pounds in, 569 ^ 

compositions, detection of ordinary phos- 
phorus in, by the luminescence (German 
official) t«t, 568 

compositiofts, detection of phosphorus in — ■ 
Dusart and Bloudlot's method, 561 # 

Mitscherlich’s method, 560 
compfisitions, detection of phosphorus- 
sulphur compourids in, 569 
compositions, examination of, by Bolley’s 
method, 558 

•impositions, filling materials for, 534 


Match compositions [cQntd,\ physical tests of— 
* behavioar under percussion, 57$ 
behaviour with sulphuric acid, 574 
inflammabifity on striking surfaces, 57II 
sensitiveness to moist air, 574 • 

temperature of ignition, 572 
compositions, quantitative analysis of, 571 
compositions, safety — ^ 

Craveri’s, 558 

lellnef»4!57 

Kossel’s, 558 

compositions for striking on any surface — 
Bohy, Gallay, & C8., 556 
Chem. P^br. Griesheim-EIektron, 557 
Craveri, 55^* 

Gafts, 557 

p Rossel, 555 ' 

556 

compositions, sulistances which increase 
friction for use ic, 534 » • 

„ compositions, subst^ces which supply 
oxygen for — 
barium nitrate, 534 
calcium orthoplumbate, 534 # 
lead nitrate, 533 
lead peroxide, 533 

lead peroxide mixed with nitrate, 532 
man^nese peroxide, 533 
minium, 532 

potassium chlorate, nitrate, and bichro- 
mate, 534 • 

strontium nitrate, 534 

compositions, test for phosphorus in, with 
ammoniacal silver nitrate, 567 
splints, substances used to impregnate-*- 
means for preventing after-glow, 525 
paraffin, 526 
resin, 528 
stearin, 527 
sulphur, 526 , 


wax, 527 

splints, wood for making, 524 
Matches for fireworks, slow and quick, 58^ 
detection of white phosphorus in — 
Aronstein’s method, 565 
general remarks, 563 
German official methods, 

Schenck and Scharffis method, 564 
Thorpe’s method, 566 
van Eijk’s method, 566 
materials for the striking surface for, 
•prohibition of the use of white phospnorus 
in, 563 • ♦ 

Mauveine^nd its preparation, 1033 « 

Meat-meal, analysis of — 
ash, 431 
moisture, 430 
nitrogen, 431 ^ 
phosphoric acid, 430 
■gneal, determination of fat in, 447 
Mekong Yellow G, 983 
Melanogen Bite B, 1043 
Melanthrene, 1023 
Meldola’s Blue, 1027 
Melogen Blue BH, 982 
Melting point of pitch, determination of the^ 

857 
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Mercury in amalgams, determination of, I53 
in cadi^ium amalgams, determination^ of, 
306 

determination of — ^ 

^ distillation method, 1 50 
, electrolytic methods, 153 

^ gold^malgamation method, 1 51 
examination oj^ for impurities, 155 
in guncotton preparations, detection of, 

503 f ^ 

► purification of, 155 

in tin alloys, determination of, 260, 261 
Mercury fulminate, amilysis^of, 51 1 

fulminate, analysis of mixture containing, 
580 #>.• 

fulminate mixture for percussion caj^, 51^,9 
Metal samples, impurities in, 93 c 

samples, preparing, for analysis, 90 
Metals, bearing, analysis C)f, 212 
laffipling, 9^ ^ 

white, analysis of, 258 ^ ^ 

^Meta Chrome Browif B, 954 
Metamine Blue B, 1028 
Metanilic add, 885 
Metanil Yellow, 953 
Metaphenylene Blue B, I033 
Methane, calorific power of, 693 
carbon monoxide, and hydrogeap, analysis 
of mixtures of, by combustion, 640 
combustion of, by platinum without explosion, 
644 r. 

and ethane, analysis of mixtures of, by 
combustion, 641 

in gas, determination of, in Pfeiffer’s 
^ apparatus, 651 
Metiiyl alcohol, estimation of, 894 
in formaldehyde, estimation of — 
Bamberger’s process, 916 
by boiling with caustic soda, 912 
Gnehm and Kaufler’s method, 913 
method Verein C Chem. Industrie, 
911 

^ Zeisel’s iodide method, 916 
properties of, 893 

specific gravities of dilute solutions of, 

speciul?***^ravities of mixtures of, with 
water, 894 
Methyl bromide, 895 
Methyl chloride, 894 
Methyl iodide, 895 ^ 

M5liyl sulphate, 895 n 

Methyl Gre<i^, ioC 2 
Methyl Orange, 954 
Methyf Violet, 100 5 ^ 

Methylaniline, detection and determination of, 
in presence of dimethylaniline, 869 
determination of, in mixtures with aniline 
and dimethylaniline, 870 
properties of, 868 

Methylanthracene in anthracene, detection 
#^and determination of, 807© ^ 

V Methyldiphenylamine, 873 
Methylene Blue, 1024 
estimation of, 1025 
Methylene Green, 1026 
. Miargyrite, 97 


Middle oil<(coal tar), composition of, 771 
examination of, 772 
properties of, "jji 
working up of, 773 

“ Mikado ” colours, 989 ^ 

MilUpg Blue, 1034 / 

Milting Green S, 1024 
Milling Orange, 967 
Milling Yellow, 960 
Mimosa, ^991 ‘ 

Mineral jelly for use in making explosives, 
examination of, 491 

Minefais, determination of fluorj^e in, 416 
Minium for, use in match com)j,ositions, 532 
r Mint sweep, assay of, for gold, 126 . 

Mispickel, 270 m 

’ Moisfure in fertilisers, determination of, 419 
in foodstuffs, determination of, 446, 477 ^ 

in glue, '\ietermi nation of, 536 ^ ^ 

in ores,'' deter mi nation of, 90 ^ * 

in Peruvian guano, determination of, 428 
Molasses, detection of, in logwood extracts, 
1164 

feeding stuffs, examination of — ^ 

determination of fat, 464 ^ 

determination of molasses, 462 
determination of non-albumitioid nitrogen, 

46s 

determiij^tion of sugar, 465 
in molasses feeding stuffs, determination of, 
by Neubauer’s method, 462 
Molybdate solutions for use in determining 
phosphoric acid, 390, 392, 395, 407 
Molybdenite, determination of molybdenum in, 
342, 343 , 

technical valua^on of, 344 
Molybdenum, detection of, 343, 345 
determination of, in iron, steel, etc., 74 
determination of, by titration \fith perman* 
ganate, 343 
minerals, 342 

in moIyMenite, determination of, 342, 343 
in wulfenite, determination of, 344, $4$ 
Monazite, analysis of, 354, 355 
Moon beans, hydrocyanic acid in, 460 
Mordant Yellow, 960 
Mordanting with alumina, 942 
with chromium, 942 
Mortar with suspended pestle, 90, 9I 
Mottramite, determination of vanadium in, 337 
Moulds for silver or gold assay, loi 
Muffle furnace for the scorification of silver 
ores, 98 

Muscarin, io;|7 

Mustard oil in foodstuffs, determination of, 
459 ^ 

Nacarat, 957 * 

Nagyagite, 123 # 

Naphtha, crude, composition iwad properties 
of, 765 

examination of, 766 

N^hthalene in creosote, determination of, 831 
determination of, as^picrate, 803 * 

dyes, IQ23 
examination of, 802 

from gas, absorption oils for removing, 



SUBJECT INDEX 


1227 


Naphthalene {conid.) in gas, deterrfiination of— 
Colman and Smith’s method, 678 
Gair’s method, 680 ^ 0 

Jhrissen and Rutten’s method, 679 
Jn middle oil, dgtermination of, 772 
oil, composition ^d properties of, 77^! 
oil, working up of, 776 \ . 

properties of, 848 
in tar, determination of, 803 • ^ 

Naphthalene Green V, 1007 • 

Naphthalene Rose, 103*^ • 

a-Naphthanthraquinone-oxime, 1024 , 
Naphthas, solvent, 780, 782 
. Naphthazann,«i023 • ^ 

•Naphthazine Blue, 1034 • 

Naphthenes in beftzene, determination (if, 799 ^ 
Naphthindone BB, 1033 
» Naphthionic acid, 885 , • 

a-Naph^^l, detection of, in / 3 -napEi^ol, 881 
determination of, 882 
distinction of, from /8-naphthoI, 881, 882 
properties of, 880 

jS-Naphthol, detection of a-naphthol in, 881 
det^mination of, 882 
distinguishing, from a-naphthol, 881, 882 
properties of, 880 
Naphthol Blacks, 967 
Naphthol Blue, 1027 
Naphthol Green B, 1024 
|3-Naphthol Orange, 955 
Naphthol Yellow, 950 
Naphthol Yellow S, 950 
Naphtholsulphonic acids, classification of, ac- 
cording to bromine absorption, 886, 887 
estimation of the, 886, 888 
a-Naphthylamine and its piwperties, 873 
jS-Naphthylamine and its properties, 874 
Naphthylamine Yellow, 989 ^ 
Naphthylalfiinesulphonic acids, classification 
of, according to bromine absorption, 886, 


887 

estimation of the, 886, 888 
Nerol Blacks B and BB, 968 
Neutral Grey, 1034 
Neutral Violet and Neutral Red, 1031 
New Blue, 1027 
New Coccin, 958 
New Magenta, 1000 
New Methylene Blue GG, 1028 
New Patent Blue B and 4B, 997 
New Printing Blacks from logwood, 1166 
New Red L, 965 
Night Blue, 1006 
Nigrosalin, 1165 # 

Nigrosin, 1035 , „ ^ ♦ 

Nile Blue A, 2B, and R, 1028 
Nickel alloys, analysis of,^i9 
in aluminium alloys, determination of, 35 ° 

« analysis of— ^ 

determinflition of arsenic, 318 
determination of carbon, 318 • 

determination of copper, 317 
determination of iron and manganese, 318 
determination of silfcon and tin, 317 
determination of sulphur, 31^ 
analysis of fused, 319 , 

bronzes, determination of, 209 


Nickel (^conid.) and cobalt, separatipn of, from 
• othe? metals — 

electrolyte methods, 308, 309 
Mackintosh’s method, 31 1 
Rothe’s ether method, 310 
Witter’s method, 31 1 
commercial, 316 
-copper alloys, analysis off 320 
-copper m|tte, analysis of, 315 
il coppef, determination of, 191 
detection of, 313 
detection of, in iron jres, 3, 4 
determination of, 313 
in iron ores, (Jetermination of, 20 
in iron or stem, determination of — 

^ difjranodiamidine method, 67 

• dimethylglyoxime method, 66 
electrolytic method, 68 
nickel oxide method, 65 
nickel ifulphide nfCthod,*6^ 

• potassium cyanide method, 67 
in lead, determination of, 232 
matte, analysis of, 314 

ores, 306 ^ • 

ores, analysis of, 307, 314 
-plated iron articles, determination of the 
nickej on, 321 

-plating baths, determination of nickel in, 321 
in pyrites, determination of, 314 
separation of, from cobalt, 312 
in slags, determination of, 310 
in smalts, determination of, 316 
Nitrate-nitrogen in artificial manures, deter- 
mination of — 

Kbnig’s method, 383 
nitrometer method, 585 
Schlosing’s method, 381 
Ulsch’s method, 382 
zinc-iron method, 383 

in mixed manures, determi^tion of, 438«^ • 
in Peruvian guano, estimation of, 429 
Nitrate-superphosphates, analysis of, 438 
Nitrates, determination of total nitrog?n‘ in 
alkali — 

Forster’s method, 379 
Jodlbaur’s method, 378 
Stutzer’s method, 379 
Veitsch’s method, 380 
in dynamite, determination of, 504 ^ 

Nitrazol €,879 

Nitre, examination of crude, for use in maiRng 
• explosives, 481 ^ ^ 

See also Potassium nitrate 
Nitric aci# in ferric nitrsi^e, determination of, 
361 

in silver nitrate, determination of, 373 
for use in making explosives, examination 
of, 488 

Nitric peroxide in nitric acid, determination 
•of, 488 

j 3 -Nitroalizarin^loi 7 * 

»f-Nitroaniline, 878 

• detection of, in presence of /-nitroaniline, 

879. 

^-Nitroaniiine, 878 

detection of w-nitroaniline in, 879 
products, commercial, 879 
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Nitrobenzene, properties and exainination^of, 
849 

relations between boiling pc#nt and specific 
gravity of, 850^ 

Nitrocellulose, analysis of— 

• ash aftd calcium carbonate, 497 
cellulose (ungitrated), 500 
ignition temperature, 498 
moisture, 497 ♦ 

nitrogen, 498 • * 

nitrocellulose (soluble), 502 
qualitative tests, 4^6 
stability tests, 498 * 

in blasting gelatine and gelatine dynamite, 
determination of, 507 m ^ 

Nitro-compounds, estimation of, by titanium^ 
chloride, 951 

q^ed as dyes, compositidh of, 950 
/-Nitf^diazobetji^ene 879 
j3-Nitroflavopurptirin, 1018 
Nitrogen in aluminiufii, determination of, 349 ^ 
in ammonium sulphate, determination of, 437 
in artificial manures free from nitric acid, 
determination of, 375, 444? 47^^ 
in artificial manures, determination of : 
directions of International Congress 
Committee, 444 ^ y. 

in calcium cyanamide, determination of, 437 
combined as ammonia in artificial manures, 
determination of, 380, 444, 471 
combined as nitrate in artificial manures, 
determination of — 

Kdnig’s method, 383 
nitrometer method, 385 
Schlbsing-Grandeau-Wagner method, 381 
Ulsch’s method, 382 
zinc-iron method, 383 

in feeding stuffs, determination of non- 
albuminoid, 450 

*Tn fertilisers, •limits of error in stated per- 
centages of, 479 

ici^sh guano, meat-meal, leather and horn 
waste, etc., determination of, 431 
in mixed manures, determination of, 438 
in mol^gses feeding stuffs, determination of 
noSSTouminoid, 465 
in nitrocellulose, deterinination of, 498 
in Peruvian guano, determination of, 429 
in picric acid and picrates, determination 

lii'saltpetre and other substances containkg 
nitri^cid, Qetermination of total — - 
Fjjrster’s method, 379 ^ 

Jodlbaur’s metCod, 378 ^ 

Stutzer’s method, 379 
Veitsch’s method, 380 
in sodium nitrate, determination of, 434 
Nitroglycerine, examination of, 503 
examination of dynamite containing, not 
gelatinised — * 

^ qualitative methods, 503 ^ 

quantitative methods, 504 
Nitrolim, analysis of, 437 • 

a-Nitronai^hthalene, 851 
Nitrophenin, 992 

Ni^otoluene, volumetric determination of 
the^^-isomeride in crude, 851 


£>-Nitrotoluene, detection of /-nitrotoluene in, 
867 

/-Nitrcitol*5ene, determination of, 850, 
Nitrotoluenes, the isomeric, 850 
Nitrc^jis acid in nitric acid/* detei mi nation t>f, 
,^'88 ^ 

“ No\r reduit ” from logwood, 1165 
Nomenclature of chemical reagents and appar- 
atus, tqjDlc for a uniform, 444 
Nopaiin, loii 

Oil inffoodstuffs, determination of, 477 
in foodstuffs, limits of error iti stated per- 
^ centages of, 480 * * 

Oilcake and meal, determiij^ation of free fatty* 

# a(!ids in, 447 
sampling, 446 

Oil gas coiwiffinsate, examination of, 6 $i * 

tar, 

Oils for making carburetted water gas, analysis 
of, 626 

used for carburetting gas in the cold, 629 
Orange G, 958 
Orange IL, 955 

Orange III., 954 ' 

Orange IV., 953 

Orangite, analysis of, 354 

Orcein, 1169 

Orchil. flrchil 

Orellin, a dyestuff occurring in annutto, 1 1 77 
Ore samples, impurities in, 93 
samples, preparing, for analysis, 90 
Ores, colorimetric determination of small 
quantities of bismuth in, 247 
determination of arsenic iff, 27$, 276 
determination <fi moisture in, 90 
weighing, for analysis, 94 
Organic matter in bone-meal and Ijones, deter- 
mination of, 431 
Oriol Yellow, 992 
Orpiment, 270 

determination of arsenic and sulphur in, 278 
Oxalic acid in dried turnip leaves, determina- 
tion of, 461 

and its estimation, 897 
specific gravities of solutions of, 89S ^ 

Oxazine and oxazone dyes, 1027 
Oxide, spent, determination of ammonia and 
thiocyanate in, 730 

spent, determination of ferrocyanide in, 723 
spent, determination of sulphur in, 724 
spent, and its examination, 612, 723 
Oxycellulose in wood cellulose, determination 
of, 490 

Oxydiamin« OraCge G and R, 984 
Oxygen in copper, determination of total, 194 
in furnace flues, ^paratus for detecting, 616 
in gas, determination qf, by absorption, 
635» 6S1, 663 

jn iron, determination of, 88 
substances which supply, for match com- 
positions, 53a 

Ox3rphemn, 991 # * m ^ 

Palatine B4ack 4B, 970 

Palatine Chrome Blue, 964 ^ 

Palatine Chrome Brown W, 955 
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raiatine Scarlet, 958 • 

Palladium, combustion of gas by, without 
explosion, 643 • * • 

-gold, 123 

^n the mint assay of gold, influence oL 141 
solution, colloid^, for determining i^dro- 
gen, 637 I • 

Para Blue, 1036 

Paraffin in dynamite, detection ff,^3 
in dynamite, determination of, 504 
for impregnating match splints, txamination 
of, 526 ^ « 

Paraffin hy<i:ocarbons in benzene, determina- 
tion of, 79^9 • • 

in crude anthracene, determination of, 810 * 
Paraformaldehyde, estimation of, 908, gtg • 
Paraphenylene Blue, 1035 
Pararos^niline, 999 . • 

examyaaiion of, 1000 ^ 

Paris glu'e, 547 
Parting gold alloys, 128, 134 
Patent Black, 968 
Patent Blues A and V, 997 
Pateni Fustin, 1176 
Patjfonite, 331 

Pentane lamp, Harcourt’s, 699 

Pentosans in foodstuffs, determination of, 458 

Peonin, 1008 

Percentage, table for converting, into troy 
weights per ton, 108 

Perchlorate in potassium nitrate, determina- 
tion of, 484, 485 

in sodium nitrate, determination of, 435 
Percussion-caps, analyses of, 580 
mercury fulminate mixture for, 579 
Persian berries, 1176 • 

Persian Yellow, 960 
Peruvian ^ano. Guano 
Peteraite, 342 

Petroleum benzine, estimation of benzene in, 794 
Petroleum oils used for making carburetted 
water gas, analysis of, 626 
Petzite, 123 

Phenanthrene in anthracene, determination of, 
807 

Phenocyanin, 1030 
Phenoflavin, 955 
Phenol, determination of — 

Koppeschaar*s method, 823 
Messinger and Vortmann’s method, 826 
examination of crude, 812 
properties of pure, 879 
pure, and its analysis, 813 
qualitative tests for, 821 
and soap, examinational sqjutions con- 
taining, 818 

Sa also Carbolic acid •' 

Phenolic* disinfecting powders and their 
analysis, 82S 

Phenols in^fmmoniacal liquor, determination 

738 . . , 

in carbolic oil, determination of, 773 
in crfide carbolic acij, determination of, 818 
in light oil, determination of, 767 
Phenylene Brown, 952 # 

and /-Pfaenylenediamines and their differ- 
^ ^ entiation, 876 


Phenyl-ct-ng^hthylamine, 875 ^ 

Plfenyl-/ 3 -naphthylamme, 876 
Phenylnaphth3ilcarbazol in anthracene, deter- 
mination and detection of, 808, 810 
Phloxin,. loii 

Phosphates, analysis of bone, 421 
analysis of precipitated, 422 
analysis of raw mineral ^ — * 
deternjiiisiition of carbon dioxide, 420 

• determination of moisture and phosphoric 

acid, 419 

of calcium, the, 386 ^ 

detection ^nd determination of arsenic in 
precipita^, 466 

^tection of Redonda or precipitated, in 
basic slag, 427 

determination of assimilable phosphoric acid 
in precipitat«d, 400, 401, 403 
determination of ferric oxide and alumina 
in—# • 

Glaser’s method, 
von Grueberis method, 415 
determination of fluorine in, 4^ 
examination of precipitated, for feeding 
purposes, 465 

preparation of samples of, for analysis, 398 
Phospha^ic guanos, analysis of, 421 
gypsum, analysis of, 433 
Phosphine, 1037 
preparation of, 1038 • 

New, 955 

Phosphor-bronze, analysis of, 214 
Phosphor -copper, analysis of— 

determination of copper, 207 * 

determination of phosphorus, 20$ 
Phosphoretted hydrogen in acetylene, deter- 
mination of — 

Eitner and Keppeler’s method, 606 
Gatehouse’s method, 607 
Hempel and^Kahl’s method, 608 
Lidholm’s method, 608 
Lunge and Cedercreutz’s method, ^ 
Phosphoric acid in artificial manures, deter- 
mination of, 385, 472, 473 
in artificial manures, determination of : 
directions of Internati^lll^^ongress 
Committee, 443 

in artificial manures, determination of free — 
gravimetric method, 403 • 

volumetri<^method, 404 ^ ^ 

^in artificial manures, determination of 
insoluble and total-*- ^ 

B? 5 ttcher’s molybdate method, 39g 
citrafe method, 393 • 

Lorenz’s method, 397 
phosphomolybdic anhydride method, 394 
volumetric method, 387 
Wagner’s molybdate method, 389 
in artificial manures, determination of water- 

• soluble, 387, 398 

in ash of foc^stuffs, determination of, 4^7 
* in basic slag, determination of citrate- 
soluble — 

citrate method, 406 
Mach and Passou’s method, 409 
molybdate method, 405 
general directions, 424 
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Phosphoric^acid (conid.') in basic ^slag, deter- 
mination of total, 424 ^ • 

in* citric acid solutions of b;|pic slag, deter- 
* mination of, 409 
d etecti on of, in iron ores, 2 

I^PC^ers, limits of error in stated per- 
centages of, 479 

in fish guano, jfteat-meal, blood, leather and 
horn waste, etc., determi5itg;ion of, 430 
in iron ores, determination of, 22 . • 

in mineral phosphates, determination of, 419 
in Peruvian guano, determination of» 428 
in phosphatic gypsum, determii^tion of, 433 
inphosphatic guanos, det^i^ination of total, 

421 . • 

in soils, solutions of artificial manures, 
determination of, 399 

in superphosphates, dete»mination of citrate- 
* •soluble— 

Kellner’s me*hod, ?b3 • 

• Petermann’s metliod, 400, 423 
Wagner’s method, 401 

Phosphorite meal in basic slag, detection of, 428 
Phosphor-leaS-bronzes, 215 
Phosphor-tin, analysis of, 264 
Phosphorus in aluminium, determination of, 

349 . . • 

in calcium carbide, determination of, 602 
in copper, determination of, 195 
dark red amorphous, 529 
detection of, in match compositions — 

Dusart and Bloudlot’s method, 561 
Mitscherlich’s method, 560 
dej^ection of, by means of ammoniacal 
silver nitrate, 567 
detection of white, in matches — 

Aronstein’s method, 565 
general remarks, 563 
German official methods, 566 
Schenck an^ Scharff ’s nfethod, 564 
Thoroe’s method, 566 
^n Eijk’s method, 566 
diction of white in red, 530 
determination of the percentages of white 
and red, in amorphous phosphorus, 530 
in iron’cS^i^^etermination of, volumetrically, 
38 ' 

in iron or steel, determination of — 

^ ignition method, 86 
oxidation method, 87 ^ 

IQht red amorphous, 530 
in limestone, detwrmination of, 587 
luminescence test for ordinary, 568 
in ph$sphor-bron«, determinatioi? of, 214 
in phosphor-copper, determination of, 205 
in phosphor-tin, determination of, 264, 265 
white or yellow, examination of, 528 
Phosphorus sesquisulphide, preparation, pro- 
perties, and examination of, 531 
Phosphorus-sulphur compounds, detection^of, 
4n match compositions, 369 
Phosphoryl chloride, 926 ♦ 

Photometric apparatus for gas — 
bar-photometer, 709, 712 
Lummer-Brodhun disc box, 711 
table photometer, 713 
PhcfSometiy of gas, 697 




« 


Photoscopy dyestuffs, 1122 
Phthaleins, IC09 

Phthalic agd and piuhalic anhydride, 892 
Picrates, analysis of, 508 
Picric acid, 950 • • 

SLuSysis of, 308 • 

mif lures for fireworks, 579 
Pine wood for making match splints, 525 
Pitch in brigu^ttes, determination of, 841, 842 
composition and progerties of, 777, 779 
distinctioifi between, of different origins, 843 
exankination of — 
ash, 836 ' • 

• briquetthig value, 839 ♦ 

* free carbon, 836 
, softening and melting jffunts, 837 
specific gravity, 836 
• viscosi|y>84i 

working; up of, 779 ^ * 

Pitch-blende, analysis of — 

Pateras’ method, 329 
Rose’s method, 328 
Plating baths, analysis of copper-, 219 
baths, determination of gold in, 1 33 • 
baths, determination of nickel in, 321 • 

solutions, determination of copper and 
cadmium in silver-, 120 
solutions, determination of cyanide in, I20 
solutions, determination of silver in, 1 19 
Platinum alloys, analysis of — 
platinum-gold-copper, 148 
platinum-silver-copper, 149 
platinum-silver-gold, 149 
combustion of methane by, without explosion, 
644 • 


in gold assays, itfluence of, 1 40 
native, 143 
ores, assay of — 

dry method, 1 43 ^ 

wet method, 147 

ores, determination of gangue in, 145 
ores, determination of gold in, X46, 148 
ores, detei mination of platinum in, 146, 147, 
148 

raw materials for the manufacture of, X43 
residues, recovery of platinum from, 149 
sand, dry assay of, 145 ^ 

Polyazo dyes, composition of commercial, 979 
Polybasite, 97 
Polypheny 1 Black, 985 
Ponceau B, 965 
Ponceau 2G, 958 
Ponceau 4GB, 956 
Ponceau R, 2*^nd 3R, 958 
Ponceau 6R, 955\ 

Ponceau 4RB, 965 

Poplar wood for ma%*ng match splints, 525 
Poppy-seed cake, determination of f^ in, 447 
Port-fires, 582 ^ 

Pot assay of gold ores, 123 •m 
Po^ssium in artificial manures, determina- 
tion of — 

Congress Commit Jjse method, 444-^ 
detailed method, 4x0 •• 

shortenec)^ method, 411, 475 
perchloric acid method, 413 . 

Vogel and Hu£fke*s method, 41a ^ 
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Potassium (contd,) in ash of foodftuflfs, deter- 
mination of, 456 

in fertilisers, limits of er^or ii> seated per- 
•centages of, 479 • 

ip mixed manures, determination of, 439 
in potassium nitrate, determination of, ^36 
in potassium salts, determination of, 43fc ^ 
in potassium salts, determination of, 475 
Potassium-ammonium superpho^hates, analy- 
sis of, 438 • 

bichromate, 364 * « 

bichromate, solubility of, in water, 36^ 
bichromat% specific gravities of aqueous 
solution^ of, 365 • ^ 

bichromate, use of, in the colour industry,* 
928 • ^ • 

bichromate for use in match compositions, 
534 . . ^ - 

chlorE^e in match compositions, determina- 
tiorTof, 571 ' 

chlorate and sulphur, mixture of, for 
fireworks, 578 

chlorate for use in making explosives, 486 
chlqfate for use in match compositions, 534 
cljor-aurate, 374 
chromate, 363 

chromate, solubility of, in water, 364 
chromate, specific gravity of aqueous solu- 
tions of, 364 • 

cyanide in gold-plating baths, determination 

of, 133 , , . 

cyanide in silver-plating solutions, deter- 
mination of, 120 
nitrate, analysis of, 436 
nitrate, analysis of refined — 
chloride and chlorate, 4^3 
moisture, 483 
perchlorate, 484 

nitrate in <)lack powder, determination of, 495 
nitrate, determination of total nitrogen in — 
Fdrster^s method, 379 
Jodlbaur’s method, 378 
Stutzer’s method, 379 
Veitsch’s method, 380 

nitrate and sulphur, mixture of, for fireworks, 

576 . . 

nitrate for use in explosives, examination 
of crude, 481 

nitrate for use in making explosives, 
examination of refined, 482^ 
nitrate for use in match compositions, 534 
perchlorate for use in making explosives, 486 
permanganate and its analysis, 363 
salts, determination of moistoe, potassium, 
lime, and magnesia i^^^ 
salts, determination of pomssiunP in 
detailed method, 410^1^ 
shorttned method, 411 
perchloric a<#d method, 41 3 
Vogel HSffke^s niethod, 412 
superphosphates, analysis of, 43 ^ * 

Potatoes, examination of, 461 
Poudrette, analysis of-^ 
ash, 431 

moisture, 430 J 

nitrogen, 431 , 

•phosphoric acid, 430 


Powder, analysis of black — 

• determination of charcoal, 49^ 
determinaUon of saltpetre, 495 
determination of sulphur, 496 
qualitative examination, 495 

smokeless, analysis of, 51 1 
smokeless, determination of moisture ift, 
510 , • . . 

smokeless, determination of picric acid and 
^ picrtte^in, 508 

smokeless, preparation of samples of, 510 
Powders, smokeless, heat test for, ^ 
Pressures in retort Settings, determination 
of, ^ 

Primings for firevrorks^ 

^hi^sition fuses, 583 

• firing-exciter, 581 

fuses, 581 , 

guncotton fuses, 582 
matches, ^low and q«ick, 

• port-fires, 582 • 

time-fuses, 583 

Primrose, 10 10 
Primuline, 990 
Print trials on cotton, 943 
trials on silk and wool, 944 
Propylene, calorific power of, 693 
Proustite,*97 
Prune, 1029 

Prussian Blue, crude, 731 
Pseudocumene, 780, 782 
Pseudocumidine, 868 
Psilomelane, 321 
Purpurin, 1016 
preparation of, 1017 
fjo Purpurin, 1015 
preparation of, 1 016 
Pyramine Orange 3G, 971 
Pyranil Black G, 1045 
Pyrargyrite, 97 • 

Pyrazolone dyes, 993 
Pyridine bases, determination of, 828 
bases, examination of, 827 
determination of, in aqueous solution., 
828 

in light oil, determination 
Pyrites, analysis of arsenical, 277^ 
assay of roasted, for gold, 1 26 
determination of nickel in, 3^4 
Pyrogen Direct Blue, 1044 
Pyrogen Yellovf M, 1045 
r^rolusite, 321 
Pyromorphite, 220 
Pyronine B, 995 
Pyronine G, 994 

Quartz, detection of gold in, 132 
Quercetin, n 74 
Querceiine industftelk<, 1174 
Quercitron, Ii 73 
extract, 1174 

• valuation of,^i 75 
^Quinoxaline dyes, 1036 

Quinoneoxime dyes, 1013 
Quinoneoximes, 1024 
Quinoline dyes, 1036 , « j 

Quinoline Yellow, Yellow S, and Red, io $6 
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Rape-seed cake, determination of mustard 
oil in, • r 

Rauracienne, 956 

Reagents, table for a uniforitr nomenclature 
" of, 444 
‘ Rertex^7© 

odeFermmation of arsenic and sulphur in, 
278 

Red Corallin, 1008 

Reds G and R for silk, 962 ^ 

' Reducibility test of iron ores, 39 ’ ^ ^ 

Residue, insoluble, determination of, in iron 
ores, 8 

Resin in dynamite, detection of, 
in dynamite, determinatioi^If, 504 
Resin for use in making matches, 528 ^ 
Resoflavin, 1039, 

Resorcin Yellow, 955 
Resorcinol, 883 ^ 

Resorcinolphthj>lejn (fluorescein), 1009 
Retort settings, ascertaining the fuel consump- , 
tion of, 619 ^ 

settings, determination of pressures in, 619 
settings, loes of heat in waste gas from, 620 
settings, measurement of the temperature of, 
618 

settings, working of, 612 
Rheonin A and N, 1038 
Rhodamine B, 10 ii 
Rhodamine 3B, G, 6G, and S, 1012 
Rhodium gold,a23 

influence of, on the mint assay of gold, 142 
Roasting dishes or trays for silver or gold 
ores, 102 
Roce^»lin, 956 

Rockets, charcoal mixtures for, 576 
Rocks, detection of vanadium in, 332 
Roofing tar, examination of — 
viscosity, 834 
volatile constituents, 835, 

""Ro^niline, determination of arsenic in, and 
in rosaniline residues, 279 
exjvKiination of, 1000 
and its salts, 999 
Rosanthrenes, 979 
Roscoelil^J^yarmdium-mica), 331 
Rose BengsSJ^l i 
Rosindulines 2B and 2G, 1035 
Rosolane, 1033 
RosdIIc acid dyes, 1008 
Ros<^henin 46, 973 ^ 

Roxamin, 963 ^ r* 

Russian gluef-547 ® 

Ruthenium, influence of, on the mint assay of 
gold, 142 ^ 

Safflower, 1185 
Saffrosin, loil 
Safranine, 1031 

preparation of, 1032 ^ 

St Denis Red, 973 

Sal-2!mmoniac slags, determination of chlorinj* 
in, 302. See also Auimonium chloride 
Salicin Reds 2G, G, and B, 973 
Salicylic acid^ 891 
detection of phenol in, 822 
-es^mation of, 891 


Salmon Rec^ 993 

Sait solution, standard, for Gay-Dussac’s silver 
as^say, 173 ,, 

Saltpetre, ‘determination of total nitrogen in — 
Forster’s method, 379 ^ ^ 

.Mlbaur's method, 37^ 

J^tutzer’s method, 379 
^Veitsch’s method, 380 
See also I^tassium nitrate 
Saltpetre, C*hili. See Sodium nitrate 
Samples of artificial manures, preparation of, 
for analysis, 398, 418 

of nletal, ore, etc., preparing, ^for analysis, 

90 - 

- of ore, metal, etc., impurities in, 93 . 

Sampling calcium carbide, 5S8 
a coalltar, 757 

^ concentrat^ foodstuffs, 446 
furnace ga^s, 6 1 4, 6 1 7 
iron ore*, 5 ^ * 

iron or steel, 43 
lime manures, 439 
liquefied ammonia, 744 
manures and raw materials, directions of 
International Congress Committee^ 44 1 
metals and alloys, 92 
Sand in basic slag, determination of, 426 
Sandalwood, detection of, on indigo-dyed 
fabrics, 1^7 

Santiago NewTellows E and K, 1x75 

Sapocarbol, 818 

Scheeiite, analysis of, 324, 32$ 

Schultze gunpowder, stability test for, 5x7 
Scoop for use in dry assay of silver ores, 
103 

Scorification assay ^f gold ores, 125 
process for silver or gold ores, 98 
Scorifiers for silver or gold assays, loo 
Selenium in bismuth, determination^of, 252 
in copper, determination of, 203 
in silver, deteimination of, rxg 
Separator for use in iron ore analysis, Rothe^s, 
10 

Seto cyanine, 996 
Setoglaucine, 996 
Setopaline, 998 

Shaking apparatus for use in Gay-Lussac’s 
method for silver assay, i J 5 
Shale oils for making carburetted water gas, 
analysis of, 626 
Shoddy, analysis of — 
ash, 431 
moisture, 430 


nitrogen, 43J 

phosphoric afeix43<3 

Silica in ba^c sla^, detection of, 425 
in chrome iron or^^g, determination of, 323 
in copper ores, mattes, slags, and- speisses, 
determination of, 185 r , ^ 

determination of, in iron ores, 

Silicic acid in basic slag, determination of, 426 
in water-glass, estimation of the, 931 
Silicon in aluminium-bronzes, determination of, 

352 ^ ^ 

in aluminium, determination of, 346, 347 * 

-bronzes, aimlyses of, 215, 216 
-copper, analysis of, 207 ^ ^ 
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Silicon (conict) in iron or steel, determination 

of— I 

Blum’s method, 44 I 

D/own’s method, 45 • ^ • 

evaporation method, 44 
4 n nickel, determination of, 317 
in silicon-bronze, determination of, 21 A 
in silicon-copper, determination of, 207 1 • 
in zinc, determination of, 298 
Sili<^n compounds in acetylenef d^teimination 
of, 607 ^ 

Silk, dyeing on, 939 • 

dyeing mordant colours on, 940 < 

print trial^on, 944 

tSilk Grey, 103^ * • ^ 

“Silver alloys, assay of — * 

dry methods, 1 10 • 

Gay-Lussac’s sodium chloride method, Ii2 
grmmetricmethod, 118 • 

Volla*d’s thiocyanate method, 3;c6 
amalgam*, determination of mercmy in, 153 
amalgam, dry assay of, no • 

assay, dry methods of— 
cupeilation, 105 
p%t or crucible assay, 10 1 
«scorification, 98 

assay, wet and dry, combined, 109 
in bismuth, determination of, 253 
containing copper, dry assay of, iio 
-copper alloys, analysis of, 2 if 
-copper-gold alloys, determination of gold in, 
142 

detection of antimony, copper, and tin in, 119 
determination of bismuth in crude, 246 
determination of gold in auriferous, 142 
determination df selenium in, 119 
determination of, in silver%;es, 109 
determination of sulphur in, 119 ^ 
distinction of, from imitation silver alloys, 
122 

electroljrtic preparation of pure, 121 
examination of bar, 119 
extraction of, from ores, by lead, 98 
glance, 97 

gravimetric estimation of, 118 
and lead assay, combined, 108 
ig lead, determination of, 231 
in lead mattes and litharge, determination of, 
238 

ores, furnaces for the assay of, 98, 104 
ores, fusion mixture for the ciudble assay of, 

102 

ores, most important, 97 

ores, roasting dishes or trays for, 102 

ores, tables of charges for dry assay of, 

103 . 

on plated German silvei^ determination of, 
320 ^ 

in platid'g solu^ons, determination of, T19 
-plating solutions, determination of copper 
and dSJmium in, 120 ^ 

Plattner’s blowpipe assay for, 108 
in platinum alloys, determination of, 149 
recovdfy of, from silirer chloride and thio- 
cyanate, 120 ^ ^ 

refining, determination of bisiRUth in slags 
from, 246 


Silver [conid^ in silver nitrate, determination of, 
373 ^ f 

fable for computing the troy weight of, per 
ton, 10# • 

in work lead, determination of, 237 • 

Silver chloride, recovery of silver fsom^^^ 
nitrate and its examination, 373 ^ 

nitrate solution, standard, for the Gay- 
Lussac silver assay mfthod, 114 
nitrate s^iu^ion, standard, for the Volhard 
• silver assay method, 117 
thiocyanate, conversion of, into silver 
chloride, 122 • 

thiocyana^, recovery of silver from, 120 
Sizes, gilders’, giaiing, and parchment, 547 
Sl^ (^nstituents in bones and bone-meal, 
dete'rmination of, 432 
Slag, basic, detection of silica in, 425 

determination Of fine meal in, 427 * 

determination of lime in, 4^6 • 

determination of piospUDiic acid in citric 
acid solutions <Jt, 409 • 

determination of phosphoric acid in, as 
phospho-molybdic anhydride, 397 
determination of phosphoric acid soluble in 
citrate in — 
citrate method, 406 
M^h and Passou’s method, 409 
molybdate method, 405 
general directions, 424 
determination of silicic acid and sand in, 

426 

determination of the specific gravity of, 

427 

determination of total phosphoric aci^ in, 

424 . 

identification of adulterations in, 427 
preparation of samples of, for analysis, 398 
Slag in wrought iron, determination of, 88 
Slags, analysis of iron, 27 
analysis of tin, 266 » 

determination of antimony in, 28 5 
determination of lead in, 241 ^ 

determination of nickel and cobalt in, 316 
determination of vanadium in, 341 
Smalts, analysis of, 316 
Smokeless powder, analysis of, 4 
determination of ifioisture in, 510 
determination of picric acid in, SoS 
preparation of samples of, • 

heat test for, ^18 ^ 

SQap and phenol or cresol, examination of 
solutions containing, 818 ^ ^ 
in tar emulsions, determination of, 8jo 
Sodium in^ash of foodstuffs, determination of, 
456 ^ 

in sodium nitrate, determination of, 435 
Sodium bichromate, 365 
bichromate, specific gravities of aqueous 
solutions of, 365 

bTchromate for use in the colour industry, 928 
chlorate for uie in making explosives, 486 
*chlor-aurate, 374 , . 

• chloride in refined saltpetre, determination 
of, 482 

chloride solutions, standard, for Gay- 
Lussac’s silver assay method, Ii 3 
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Sodium chromate and its examination, 364 
nitrate, a*halysis of, 434 • 

nitrate, determination of perdilorate in, 435 
nitrate, determination of total nitrogen in — 
Forster’s method, 379 
method, 378 

^ Stutzer’s method, 379 
Veitsch’s rae^od, 380 

nitrate for use in making explosjyes, examina- 
tion of, 485 ^ » 

nitrite, valuation of, for use in ‘the colour 
industry — 

permanganate mettiod, 927 
sodium sulphanilate method, ^28 
permanganate, 363 ^ 

stannate, 373 ^ 

sulphide, examination of, for use in the® 
colour industry, 920 

Softening point of pitcn, determination of 

the, 837 • • . • . . 

goils, determination ^ phosphoric acid in, as^ 
phospho-molybdate, 399 
preparation of samples of, for estimation of 
phosf^oric acid, 398 

Solders for aluminium and aluminium bronzes, 
353 

Sorbin Red, 959 

Specific gravity of coal tar, estfhiation of 
the, 757 

of gas and its determination, 682 
Spectra of dye^ of different classes, absorption, 
1119, 1120 

Spectroscope, pocket, for examination of dye- 
stuffs, II 18 

SpeiSses, determination of arsenic in, 275, 277 
Spelter, determination of cadmium in, 305 
Spent oxide, determination of ammonia and 
thiocyanate in, 730 
determination of ferrocyanide in, 725 
5|etermination of sulphur jn, 724 
and its examilSation, 612, 723 
Sperm candles as light standards for photo- 
rmetry, 698 

Sperrylite (platinum arsenide), 145 
Spirit Blue, 1004 
Spirit Q^ajs^jioio 

Squibs, Wm^Kbach’s mixture for whistling, 
579 

Stannic acid produced in analysis of bronzes, 
impurities in, and their determination, 212 
Sh5«nic ammonium chloride, ^73 
chloride and its examination, 372 ’ '' 

chloride, C^ecific gravities of solutions of, 
€73 r 

chloride for use in the colour industry, 924 
Stannous chloride and its examination, 37 1 
chloride, specific gravities of solutions of, 

372 

chloride for use in the colour industry, 923 
Starch in foodstuffs, determination of, 457#! 
Steam glue, 547 

SteSming apparatus for use in ^irint trials, 94^, 

Stearin pitch, distinguishing, from coal tar 
pitch, 843 

pitch, solubilities of, 843 
in use in making matcfies, 527 


Steel, detection of chromium in, 323 
determination of aluminium in, 68 
determinalion qf carbon in — 

colorfmetric method, 55 • 

direct dry combustion, ^8 ^ 

/irect wet combustioi*, 49 
^ separating carbon followed by wet com- 
bustion, 52 

separating iron and combustion of residue, 

S& ^ ♦ 

determiq^ation of coitibined carbon in, 56 
determination of chromium in— 

Donath’s method, 71' # 

^ Galbraith’s method, 71 ^ 

•" Gregory’s method, 73 * 

ISbimias’ method, 70 
^ Reinhardt’s method, 7 1 
• Schneid^’s method, 72 # 

Spiili^r’s method, 70 ^ ^ 

Stead’s method, 72 ^ - 

Ziegler’s method, 70 
determination of molyblenum in, 74 
determination of nickel in— 
dicyanodiamidine method, 67 ^ 

dimethylglyoxime method, 66 ^ 

electrolytic method, 68 
nickel oxide method, 65 
nickel sulphide method, 66 
potassiunfe cyanide method, 67 
determination of phos{)horus in — 
ignition method, 86 
oxidation method, 87 
determination of silicon in — 

Blum’s method, 44 
Brearly’s method, 45 ^ 

Drown’s met||od, 43 
evaporation method, 44 
determination of titanium in, 47 
determination of tungsten in, 7 ^ 
determination of vanadium in* — 

Campagne’s method, 76 
Ledebur’s method, 75 
sampling, for analysis, 43 
Stephanite, 97 

Stereotype metal, analysis of, 261 
Stiblithe, 281 

Stibnite, a8l ^ 

analysis of liquated, 285, 286 
Still-heads for benzol fractionation, 788 
Stolzite, 220, 324 
Straw, examination of, 460 
Stromeyerite, 97 

Strontium nitrate for use in match composi- 
tions, 53^ 

Sugar in cou 5 i|jtrated foodstuffs, determina- 
tion oft 457 

in molasses feedif-g stuffs, determination of 
total and invert, 465 

Sugar of lead. Sie umUr JLetld n 

Suiphanilic acid, 884 

*^stimation of, alone and In presence of 
metaniiic acid, 885 

Sulphaniline Brown, 1041 #, 

Sulphates, determination of, in iron ores, 2$ ♦ 
Sulphide dy^tuffs, 1041 ^ 

differentiation of, from Aniline Black dyed 
on cotton, 1117 * m 
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Sul^fiide dyestuffs {contd:), identification of, on 
cotton, 1045 1 " 

reactions^ for examination oL 1116^ 

Sulphides, detection of, in iron ores, 3"' 
‘determination of, in iron ores, 25 
Sulphine (primuline5,^990 
Sulphine Brown, 1041 \ 

Sulphites in ammoniacal liquor, determinat^in 
of, 736 

Sulpho Black, 1043 ^ 

Sulphone Acid Blue B, 979 
Sulphone Azurin, 979 * 

Sulphur in aluminium, determination of, '349 
in antimony -^res, determination of, 286 
in arsenic sulpfiides, determination of, 279 
in bismuth, determination of, 253 
in black powder, determination of, 496 " 

^ in blister copper, determination of, 204 
in calcic carbide, determination of, 602 
in copper, -determination of^ 195 „ 

in copper ores, mattes, slags, and speisses, 
determination of, 184 

, in crude benzol, determination of total, 629 
in dynamite, detection of, 503 
in dynamite, determination of, 504 
in gas, determination of total — 

Blair’s method, 671 
Drehschmidt’s method, 671 
Pfeiffer’s method, 673 
“ Referee ” method, 669 
Somerville’s method, 673 
in gas liquor, determination of total, 737 
for impregnating match-splints, 526 
in iron ores, detection of, 3 
in' iron ores, determination of — 
gravimetric method, 25 ^ 
volumetric method, 38 ' ■ 

in iron or steel, determination of — 
as bariun^ sulphate, 84, 85 
as metallic sulphides, 80, 82, 83 
in nickel, determination of, 318 
in nickel ores, etc., determination of, 316 
in silver, determination of, 119 
in spent oxide, determination of, 724 
for use in .making explosives, examination 
of, 486 

in T^ork lead, determination of, 237 
in zinc, determination of, 297, 298^ 
in zinc ores, ashes, etc., determination of, 

293 

Sulphur Black T extra, 1042 
Sulphur Brown, Cutch, Corinth, Blue, and 
Indigo, 1044 , 

Sulphuretted hydrogen in ac^lene, deter- 
mination of — 

Eitner and Keppeler’s irp-hod, ^06 
Gatehouse’s method, 607 
Lidholm’s method, 608^ 

Lunge and Cedercreutz’s method, 605 
in arnmoniacal l^uor, determination, of, 736-* 
calorific po’i^^of, 693 
determination of, in gas — 
by absorption, 634 
^ coloriJnetrically, 667 ^ . 
gravimetrically, 665 
volumetrically, 666 
Xemwl of, from coal gas, 719 

II 


Sulphuric acid in ammoniacal liquor, deter- 
mination of, 736 

in ash of foodi^uffs, determination of, 456 ^ 
in copper nitrate, determination of, 369 
detection of, in iron ores, 3 
determination of arsenic in, 279 " 

in iron ores, determination of, 25 
in phosphatic gypsum, determination of, 
433 

in j)otassium''‘ chromate and bicifromate, 
deterIn^nation of, 364, 36$ 

-in potassium permanganate, determination 
of, 363 

for use in making explosives, examination of, 

-489 " ? 

Sul^^mrcjs acid in precipitated phosphate, 

■' detection and determination of, 467 

Sun Yellow, 989 

Superphosphates, analysis of, 422 - - 

analysis ofjimmoniuiTi, potassium, and other 
mixed, 438 ^ 

^ determination of citrate-soluble phosphoric 
acid in — 

Kellner’s method, 403 
Petermann’s method, 400, 423^ 

Wagner’s method, 401 
determination of fluorine in, 416 
determination of free phosphoric acid in — - 
gravimetric method, 403 
volumetric method, 404 
determination of moisture in, 419 
determination of phosphoric acid soluble in 
water in, 387, 422 

determination of total phosphoric acid in, 
as phospho-molybdic anhydride, 396-v^ 
preparation of samples of, for analysis, 

398 

Sylvanite, 123 

Tannin, 891 t 
Tannin Orange R, 95$ 

Tantaliferous wolframite, analysis of, 327 
Tantalite, decomposition of, for analysis, 3£^ 
Tantalum, determination of, in minerals — 
Giles’ method, 359 
Kunheim & Co.'s method, 
Rammelsberg’s method, 357 ' 

Simpson’s method, 359 
minerals, 357 

in wolframite, determination of, 327 
Tar acids in criosote oil, determination 
830, 831 

bPast furnace, 755 
characteristics of gas, 752^ 
coal, examination of — 

carbon (free) estimation, 759 
distillation test, 763 
sampling, 757 

specific gravity estimation, 757 
-^ater estimation, 760 
coke oven, 754 ^ ^ 

ejnulsions, determination of soap in, 820 
determination of anthracene in £oal, 8 o 7 a 
determination of naphthalene in, 803 
examination of prepared- 
viscosity, 834 
volatile constituents, 835 

4 1 
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Tar-fog gas, determination of— 

Clayton and Skirrow’s method, 68 1 r 
Feld’s method, 682 C 

« oil gas, 756 
^ oils, co|l — 

anthracene oil, 776 
carbolic oil, 773 
creosote oif, 775 
light oils, 765 ^ 

middle oil, 771 ^ * 

naphthalene oil, 776 
^ pitch, 777 

products, final — 
absorption oils, 833 ^ <r 

anthracene, 804 ^ ^ 

benzol, 779 ' , 

carbolic acid and products, 8l i 
carbolineura, 833 
^ ^creosote^il, 829 

cresols, Sji ^ 

naphthatoe, 8C2 
pitch, 836 
pyridine bases, 827 
tar, prepared, 834 

properties and composition of coal, 75^ 
sources of coal, 7 50 
water gas, 755 

Tartar emctric, analysis of, 287 
Tartrazine, 993 

Telluride ors>s, determination of gold in, 127 
Tellurium in bismuth, determination of, 252 
in copper, determination of, 202 
detection of, in gold ores, 124 
ores containing gold, 123 
Temper-carbon, determination of, in iron or 
steel, 56 

Temperature in gas retorts, etc., measurement 
of, 618 

Terracotta F, 992 
Terracotta R-gfio 
Tetrahedrite (fahl ore), 97 
Tetra-iodofluorescin, loii 
Tetrazo dyes from benzidine, etc., composition 
of, 970 

Thiazindjes, 1024 
^ThiazuT^^WHyn G and R, 993 
Thiazin Red G and R, $93 
Thiazol dyes, 990 
Thiazol Yellow, 991 
Thiocarmin R, ro26 
^hiocatechin and Thiocatechin S, 1042 
Thiochromogen, 990 ’ ^ ^ 

Thiocyanscle in gas liquor, determination 

in spent oxide, determination of, 730, 731 
Thioflavine S, 991 
Thioflavine T, 990 

Thiogen Black, Purple, Bark Red, and 
^ Rubin, 1045 
Thioindigo Red, 1040 
Xhioindigo Scarlet, 1041 ^ 

Thioindigo Violet, 1041 

Thion Black, 1042 

Thion Blue, 1044 

Thion Green, 1042 

Thion Yellow G and GG, 1043 

Thional Brown R, 1044 


Thionine i^hie, 1025 

Thiophen^* in benzene, detection and <icter- 
mi9;it.on 0^ 797 

in crude benzol, determination of, 6 %i 
Thiophenol Black T extra, 1043 ♦ 

Th^sulphate in gas liq-aor, determination of, 
la 73 ^ 

Thorite, analysis of, 354 

Thoriumj^ determination of, in lUjonazitc 

sanS, 355 

determination of, in thorite, 354 
Thoi^jum nitrate, 356 
nitrate, analysis of, 7 ^7 ^ 

nitrate for incandescence mantles, 716 
Timber preservation, tests of cret^sote for, 830 
TiOn in aluminium scraj'", determination of, 

353 

' alloys, analysis of— ^ # 

alio}^s containing lead, 263 
alloys free from lead, 262 ** * 

bearing metals, 261 
hard lead, 264 ^ 

phosphor-tin, 264 
stereotype and type metals, 261 « 
white metals rich in tin, 258 * 

alloys, determination of antimony in, 2 83 
alloys, sampling, 93 
analysis of — 

determViiation of arsenic, 257 
determination of copper, lead, and iron, 
258 

ashes, analysis of, 265 

in bearing metals, determination of» 2 1 2 

in bismuth alloys, determinatiun of, 254 

in bismuth, determinatioft of, 251 

in brpnzes, deCsrinmation of, 209, sii 

in copper, determination of, 191, aoa 

dross, analysis of, 265 

electrolytic determination of, 069 

in hard lead, determination of, 234 

in iron, determination of, 79 

"lead alloys, analysis of, 238 

in lead alloys, determination of, 238, 240 

in nickel, determination of, 317 

ores, analysis of — 

Darroch and Mcikkjohn*s method, 357 
Donath and Milliner’s method, 357* 

Fohr’s method, 256 
Fresenius’ method, 356 
Pearce-Low method, 257 
reduction method, 256 
ores, assay of, by fusion with potassium 
cyaniae, 256 

ores contaufting tungsten, analysis of, 257 
ores and prSliicts containing, 254 
ores, pririficatkn of, for analysts, 35 J 
separation antimony and arsenic, 

384 # 

^ slags, analysis of, 366 0 

in sodium stannate, detcriiip^ion of, 373 
« in stannic chloride, determination of total, 
37SS, m 

in tinplate residues, determination of, 35S 
in tungstic add, determination of, 335 ^ ^ 
f volumo^ic determination of— * 

ferric chloride method, a66 
indirect ferric chloride method, 36^ ♦ 
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Tm, volumetric determination of (^confd ,) — 
iodine method (acid solution)l268 
iodise method (aikaline^solut^n), 269 
waste, analysis of, 265 • 

iji zinc, determination of, 298 
Tin ammonium cliffctfide, 373 * 

Tin-stone, assay of, 255 ^ ^ 

assay otauriferous, 12S I 

Titan Rose, 993 

Titaftium, detection of, in iron oTe9}1{. 
determination of, in iiton ores, 25^ 
determination of, in iron or steel, 46 
Toledo Blue V, 980. ^ 

t?-Tolidine, 8^^ ^ 

% determinatiorfof, 877 '* • 

Toluene and ben^l, distillates from mixtures 
of commercial, 769 * * 

in benzol, determination of, 787 , 

examination of, 780, 782, 790, 54^ 
propeiti^ of pure, 847 « 

Toluidine*, determination of, in presence of a 
small quantity of aniline, 861 
c-Toluidine, commercial, 863 
determination of, 860 

determination of small quantities of /-tolui- 

* dine in, 865, 866 
preparation of pure, 855 

/-Toluidine, colour reaction for, 863 
commercial, 863 ^ 

determination of, in mixtures with aniline 
and <3-toluidine, 860 

determination of, in presence of (?-tolmdine, 
S64, 865, 866 
Toluidine Blue, 1025 

Toluidines and ^aniline, determination of, in 
mixtures, 859 ^ 

composition of mixtures of 0- and /-, 
determined by the specific gravity, 
864 • 

dehydration of, 857 
determination of moisture in, 857 
properties of the isomeric, 854 
separation of the isomeric, 855 
w-Tolylenediamine, 876 
Tolylene Black, 970 
Tolylene Blue B, 1036 
Toiftite, testing, for stability, 516 
Touchstone assay of gold alloys, 135, 136 
Tricresol, 814 

Tnhydroxyanthraqui nones, 101$, 1016, 1017 
Trinitrocellulose in blasting gelatine or gela- 
tine dynamite, detection of, 506 
in blasting gelatine and gelatine dynamite, 
determination of, 507, 508 
Trinitrophenol, 950 ^ 

Triphenyimethane dyes, ^ 

Trisulphone Blue B and 976 

Trisulphojie Brown B, 98^ 

, Trisulphone Br^n G and GG, 984 
Trisul phone Vkdet B, 976 • 

Troostite, ^ 

Tropaeolin D, 954 
Tropaeolm O, 955 
fropae^in 00, 953 ^ 

Tropaeolin 000 , 95$ ^ • 

Troy weight per ton, table for cofflputing from 

• percentage, 108 

II 


Tungsten in aluminium alloys, determination 

of, 351 * • 

ii iron ores, determination of, 26 
in iron or st^l, determination of, 73 
ores, analysis of — 

Berzelius’s method, 325 • 

Bullnheimer’s method, 325 
method for low-grade or^s, 327 
method for tantaliferous ores, 327 
Scheele’f method, 324 

oi%s, deteamination of tungstic acid in low- 

• grade, 327 

Tungstic acid, determiiSation of, in low-grade 
wolfram ores, 327 
determination o^tin in, 32 5 
#;^u 3 iletric determination of, 74 
•Turnips and turnip leaves, examination of, 
461 

Type-metals, analysis of, 239, 261 

> » 

Union Blocks, 970 ^ 

*Uranium minerals, 328 
ores, analysis of — 

Fresenius and Hintz’s method, 330 
Pateras’s method, 329 # 

Rose’s method, 328 
vanadium ores, analysis of, 331 
vanridiuii ores, analysis of — 

Finn’s method, 339 
Fritchle’s method, 3 38 
Ledoux & Co.’s method, sfo 
solution, standard, for estimation of phos- 
phoric acid, 388 

Uranium Yellow, valuation of, 331 
Uremetesite, 220 

Vanadinite, 220 
determination of vanadium in, 337 
Vanadium, detection of, in iron ores, 4, 332 
detection of, in rocks, 332 
determination of, gravimetrfcally, 333 
determination of, in iron ores, 38 
determination of, in iron or steel, 75 ^ 
determination of, in vanadium ores — 
Hillebrand and Ransome’s method, 338 
Rose’s method, 339 " •• 

detern*ination of, ^’olumetricf 5 y — 
ferrous sulphate method, 335 
iodometric method, 336 
permanganate method, 334 
in furnace pi^, determination of, 34 1 
ores,. 331 

slags, determination of, 341 
-uraniui*i ores, analysis of — 

Finn’s method, 339 ^ 

Fritrhle’s method, 338 
Ledoux 8: Co/s method, 340 
Vanadyl sulphate solution for estimation of 
indigo, 1x40 

Varnish, examination of black — • 

* viscosity, 834 
volatile constituents, S35 
Vat Red B, I04P 

• Vesuvine, 952 
Victoria Blue B, 1003 
Victoria Blue R and 4R, 1006 
Victoria Green, 995 
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Victoria Violet 4BS, 963 
Victoria 8 BS, 9^4 
Vidal Blacks, 1041, 1042 > 

Vklamin B, 1013 
Violanthren, 1023 
\aolet 4RW, looi 
J/iolet 4RSN, 1002 
Violet Moderne N, 1029 
Viscosity of pitch-like substances, determina- 
tion of the, 841 • • 

of prepared tar, determination 4>f*the, S^4 
Vitoline Yellow 5G, 1037 n 

Volume of gas, tabU for correcting the, at 
different temperatures and pressures, 690, 
691 . • 


Woollen waste, analy is ui (i ,7//'/.)'- 
nitroglm 431 ^ 

phosp^iic acid, 430 # 

WuU'emis, 220, f42 # 

deteimination of deifiim in, 

345 * * 


144 . 




^.ENKS in l3en;!oI, deU’rininatmn pf, fHj 
pl'operties of the, 

5epura%t4?n%f the i omcric, 791, 792 ♦ 
Xylidine, cummer ciaJi tSCi7 
w-Xylidilte urul /^xyhdhic, S55 
?»-X)4idine, separation id. Crum commercial 
xylidine, 8(17 m 

'Xylol, estittiatlon of the itrcc 
commercial, 792 


ayknei irir 


Waste gas from retort settings, 
of loss of heat in, 620 
gases from retort settings, analysis of, 615 
Whtfk in coaUar, determination of, 760 
determination of, in iron ores, 6^ 

•* iSVc a/so Moisture * 

Water gas, analysis of oils used for making 
carburetted, 626 
tar, 755 9 
Water-glass, 929 
application of, 930 
estimation of alkali in, 930, 931 ^ 
estimation of silicic acid in, 931 
estimation of sodium chloride, etc., in, 931 
Water Blue aftd its preparation, 1005 
Wax for use in making matches, 527 
Weighing ores, etc., for analysis, 94 
samples of iron ore, 6 
Weld, 1176 

Whfte-metals rich in tin, analysis of, 258 
sampling, 263 
Willemite, 288 

Wind-furnaces for the assay of silver ores, 1 04, 
loS , 

Wolfram. See S / ungsten 
Wolframite, analysis of, 324 
analysis of, containing tinstone, 325 
analysis of tantaliferous, 337 
Wolframites, determination of tungsten in, 26 
'^oq^^jgUulose for use in making explosives, 
exanhnatwn of, 489 « 

-gum in cotton, determfnation of, 489 
for making match splints, classes of, 524 
^meal for use in making explosives, examina- 
. tion of, 487 • 

%ar pitch, distinguishing, from coal tar pitch, 
843 ♦ 

solubilises of, 843 , 

WoodV alloy for ifte in the determination of 
lead, 325 

Wood’s metal, analysis of, 253 
Wool, dyeing on, 940 
dyeing with mordant dyes on, 94 1 
print trials on, 944 

Wool Blacks, 968, 969, 970 • 

Wool Green S, 1007 * 

Wool Scarlet R, 958 • 

Wool Violet S, 954 
Woollen waste, analysis of— 
ash, 431 
moisture, 430 


cakulatToit « Xylols, unaly.sch of, 792 


VellowXCkalijn, IC08 m 

Yttria *9 tltorium niiraic, dclciltnfiation of, 
717 

Yttrotantalite, 357 

Zambesi Indigo Blue R, 97S 
Zinc alloy;-, analysis of, 300 * 

-aluminium aifoy^, analysi.H of, 301 
in aluminium iicrap, dcunmin.ition of, 35I 
analysis of cummcrdal — 

dctcrmiiiailoti of antimony and arsenic, 
2977398 

determination of cadmium, 396 
determination of iion, 297 
determination of lead, 396 
determination of silicon, sulphur, and tin, 
298 


analysis of cru^ 
analysis of wasi 


idf, 

sie, 


295 

301 


ashes, analysis of, 293, 301 
blendes, testing degree of caJemation of 
roasted, 293 

bottoms, analysis of, 301 
in brass, determination of, 217 
in bronzes, determinatkm of, 2fO, 211 
in cadmium, deter mhation of, 306 
detection of, In iron ores, $ 
determination of— 

clectrolytically, 390 % 

as sulphide, a 88 
volumetric methods— 

GtiUettfs, 29a 
Schaffner’s, 291: 

determination of cadmium in crude, 305 
determination of, in ores, sshes, etc*— 
gravimetric method, 293 
^ Voigt’s vokjmetric method, 394 
distillation rescues, assay of, for silver, 
J04* \ 

dust, determinat 4 in of cfadmium In, 305 
dust, determination of zinc in— 

« Drewson’s method, 298,^20 
^ Fresenius* method* 300, ozBP** 

Klemp’s method, 299, 921 
Wahrs method, 300, 920 
dust for use in the ^plour industry, ^19 « 

in flue dust, determination of, 302 
iron oils, determination of, xg 
in lead, determination of, 233 * m 
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Sine in nickel alloys, determination of, 319 
in nickel or cobalt ores, determination of, 

ores, 287 • 

*ores containing cadmium, analysis of, 304 
determination iron and lead in, 205 
determination of sulphur in, 293 ^ 

preparation of pure lead-free, 225 J * 
residues, analysis of, 293 
^immings, determination 8f«ftver in, by 
dry assay, 1 10 ♦ 


Zinc acetate, 368 

chloride, specific gravities t»f iPqueous solu- 

• tions o|, 367 

chloride for use in the colour industiyf92l 
sulphate and its examination, 366 • 

sulphate, solubility of, in waten^ 367 ^ m • 
sulphate, specific gravities of solutions#of, 

367 . • 

-white residues, analysis of, 302 
Zirconia ii#t 4 aormm nitrate, determination ofi 

• 7ir . 



I . 


i 

•I 

• ' 

n'am’e index 


■ y 


Affelder, 0, L, See Walters, M. E., 21 1 
Alexander— lead, volumetric^ietermina|Joi% qf, 
228 _ ♦ 

Alex^eff— aniline and water, mutual solubili- 
ties of, 853 * 

Allai,*A. H. ^ anthracene, estimation of 
p paraffins in,,8io • 

••benzol, ‘*retorf test* of, 7S2 * 

Alluard— potassium bichromate, solubility of, 

365 

Alm^n — pheijpl, detection of, 822 
Andrews, E. S. See Trouton, F. T., 841 
Archbutt, L. — copper, estimation of oxygen in, 

3:94 • 

Aronstein — phosphorus in matches, detection 
of white, 565 
Asriel. See Dc^ath, 778 
Auchy — carbon in iron and steel, determination 
of combined, 5S 

molybdenum in steel, determination of, 74 
tungsten in steel, determination of, 73 
Aug^ot— tin in tinplate, determination of, 80 

BXCKSTRbM — arsenic, estimation of, as arsenic 
pentoxide, 273 

Ball, S. White, A. H„ 803 
. Bailing — gold, ii^uartation of, with cadmium, 

143 

mercury amalgamation assay, corrections 
for, 132 

Bamberger, E. — formaldehyde, detection of, 


Ba’moer^, H.-«icalcium carbide, appa»atus for 
estimating the yield of gas from, 398 
calcium carbide, gravimetric valuation of, 
• 601 

giethyl alcohol in formaldehyde, estimation 
% of, 916 

Bannister, C. 0.— copper slags, dissolving, f«r 
analysis, % 39 

mint s^eep, assay #f, for gold, I2 d 
silver assay, combined wet and dry, 109 
sulphur in copper ores, mattes, and slags, 
determination of, 184 
tinstone, assay of auriferous, 128 
Barnstein, F. — albuminoids in foodstuffs, 
estimation of^ 449 • 

Baslaerville-^titanium dioxide, ^ecipitation oh 
4^ , . ^ 

Bassett, H. — anthraquinone, purification of, 
Sod, 89s 

Battegay, M,— sodium sulphide, analysis of, 
929 

♦ 1210 


j^^idisch, 0%*coppei% prccipjfalinn 
ammaniiim cuphurari, 

JBcck-^tur, dctciiiiin.'itioii tif watrr in, 763 
B^ecker, J,— Ur, apjur.aiui far the detrtmina- ^ 
tion oi wflter in, ♦ 

Beckurts—pbenob tk'icuniu.aisin 8t4 

Beebe — kad, vaiumctric di-tnmiuhlian tif, 
229 

Beger, C. — ‘fat in feeding sttdk, determin^rian 
of, 447 . 

Behrens, IL — curUizoi in anthrarenc, derectian 
of, SoS ; 

phenanthrene in unthraame, detection * of, 
S08 - * 

pitch, the frgj carbon in, 77 8 
Benedikt, R., and L. (Jans -silver, gravimetric 
determination of, 1 18 
Benner, See Spidler. 70 
Beuz, E.— thorium in inon,uttc sand, deter- 
mination of, 353 

Bergraann and Junk— explosiyes, heal test for, 
521 ^ 

See hresenius, 30S 

Bergtheil, C., and R, V. Briggi—indigotin, 
estimation of, 1 146, 1132 « 

Beringer, C. and J, J,— bismuth, colofimetric 
estimation of, 20 if 
lead ores, diy assay of, 22 1 
lead, volumetric determination of, 329 
Berzelius— tungsten ores, analysis of, 32$ 
Biehringcr, J,, and A. Busch‘-/-ioUiidmet 
colour reaction of, 863 

Biewend, R*— amalgamation assay for mercfcry, 

153 

Binder, 0.— pitch for briquettes, valuation of, 

S39 

Binz, A.— indigo, valuation of, 1133 
and Eh Rung— indigo, estimation of, on the 
fibre, 115$, n 36 

Blair, H. — sulphur in coal gas, determination 
of total, 671 

Blank, 0., and H^Finkcnlxiiner— formalde- 
hyde, eftimation^f, 903 
Blattner and Brassaft*— perchlorate m sodium 
nitrate, estimation of, 43$ 

Blach. See Seyewetz, 1154 
Blondel, E^-T^-nitroaniline, test ISTthe purity 
of, 878 

Bloudlot— phosphorus, detection of, 561 
• Bloxam, W* P.— indi^tin, estimatioif of, hf 
the tetrasulphonate method, 1149 
abd A. 0^ Perkin— indigo-red in indigo, 
estimation of, 1132 * « 
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BTum— ferric aniraluminium hydroxides, pre- 
cipitation of, 9 

man^;»jese, volumetric d<^crmi|iation of, 37 
silicon in iron or steel, dcterminailbn of, 44 
Bmm, F. Xf, — ysenic in ores, volumetric 
determinatiorf 0^, 276 

Boasson and Noelting — dimethylaniline, deter- 
mination of, B 6 g i 

Bock — gold assay method, 140 
BtuRhef, O.— -horn meal, fish n?etil,^tc., deter- 
mination of total nitrogen in, ^6 
phosfihoric acid in artificiai manures, gravi- 
metric estimation of insoluble aifd total, 

390 • , * ^ 

• phgsphoric acid soluble in citrate solution^ 

estimatiorgof, 402, 425 

B'ittchcr, W. See Kraemer, G., 794 * • 

Buttger— manganese in iron or^s, determina- 
tidff of, 16 • 

Bohiig— fetrocyanide in spent oxide, deter- 
mination of, 726 

Bohy, Gallay, ik Co. — match composition con- 
taining hypophosphites, 556 
Boiler — match compositions, analysis of, 

558 

Boye, VV, A.— carbon monoxide in coal gas, 
solution for absorbing, 637 
g^ind \^^ji^eler — gas analysis apparatus, 652 
Borntriiger, H.— 'molybdenite, ^hnical valua- 
tion of, 344 

tiranium ores, analysis of, 329 
Boschau — gum tragacanth, substitute for, 549 
Brand — mercury, electrolytic estimation of, 1 54 
Brandt — indigotin, estimation of, 1 1 34 
Brasseur. See Blattner, 435 
Brearly and fbbotson — carbon in iron 01 steel, 
determination of, 53 ' 

silicon in ferro-silicons, determination of, 45 
See fbboteon, 269 

Brenxinger, K,— sulphanilic acid, estimation of, 
884 

Breukeieveen, von. See von Breukekveen 
Briggs, R. V. See Bergtheil, C., 1146, 1152 
British Acetylene Association — calcium carbide, 
regulations for sampling, 589 
calcium carbide, regulations as to yield of 
* gas from, 591 

Britton— carbon in iron or steel, determination 
of combined, 59 

Brochet, A., and R, Cambier— formaldehyde, 
detection of, 899 

formaldehyde, determination of, 905 
Brownsdon, H. W, — mercury fulminate, 
determination of, 580 

meremy fulminate, volumetric determinatiori 
of, 512 j ^ 

Briihl^ — logwood extracts, -adulteration of, 1163 
Brunck, Q*— bismuth, elJItrolytic determina- 
tion of, 253 ♦ 

nickel injjgan or steel, determination of, 6^ 
Brylinski, A.— indigo, colorimetric stam^rd 
for estimating, x x 33 
indigo estimation of, on the fibre, 1155 

* indigotin, estimation #f, 1135, ^^39 

See Scheurer, A., 947 ^ ^ 

Buchanan— coal tar pitch, deduction of the 
» ^origin of, 843 


Bucherer — naphthol- and naphtliylamine- 
sulphonic acids, estimatiorf off 888 
Butb — absorpt jpn oils for naphthalene, examina- 
tion of, 833 • 

tar from Dessau vertical retorts, 753 * 

BuIInheimer — tungsten ores, analysis of, 32 
tungsten in ores, determination of, 27 ♦ 

Bunsen — gases, solubility o^ various, in water, 

647 

specific grfvtty of gas, determination of, 683 
Bume — German gas coals, composition of,^ 

• 621 

and Eitnfir — ammorfta, sampling liquefied, 
744 ^ 

Bus A, A, 3 e E®;hringer, J., 863 

« • 

• Cambier, R. See Brochet, A., 899, 905 
Campagne, E.— vanadium in iion ores, 

determination »f, 38 _ 

vanadium, volumetric determination o* 70 

^Campredoif, L. — zinc ^imnyngs, determin;i- 
tion of silver in, iio 
Carcel — lamp for gas photometry, 702 
Carletti — phenol in salicylic acid, detection 
of, 822 • 

Carmichael, H. — gold assays, influence of 
platinum on, 141 

Caraegie~#-ferric solutions, reduction of, by 
zinc dust, 30 

Camelly — pitch, constituents of^ 779 # 

Carnot — aluminium in iron or steel, determina- 
tion of, 68 

gold, colorimetric determination of, 131 
Caro — calcium carbide, apparatus for deter- 
mining the yield of gas from, 594 ^ 

Carpenter, C. — Metropolitan No. 2 Argand 
burner, 707 

Cedercreutz, See Lunge, 5S8, 597, 605 
Champion. See Leyque, 573 
Chem. Fabr. f riesheim - Elektron — match 
composition, 557 • • « 

Clarke — fireworks, preventing spontaneous 
combustion of, 584 ^ 

Classen, A. — antimony, electrolytic estimation 
of, 282 

mercury, electrolytic estimation "f. '-f->nii]ii 
vanadium in furii#ce-pies, eiRmation of, 341 
zinc, electrolytic estimation of, 290 
Claudon and Morin — distilling column for 
benzol, etc., 789 * 

Clauser. See 8x9 ^ 

Clayton, E. G. — glue, examination of, $39 
•percussion caps, analyses of, 5^ 
and Skirrow — tar-fog in gas, determination 
of, 681 • * 

Cochenhausen, von. See von Cochenhausen 
Colman and Smith — naphthalene in coal gas, 
determination of, 678 
Constam— coal, proximate analysis of, 623 

Rougeot — pitches for briquetting, 778, 
841 

(Joquillon — mefirane, combustion of, by nffeans 
of platinum, 644 

• Corleis-^carbon in iron or steel, determination 

of total, 49 

Crabtree, F, — phosphorus in iron ores, 
determination of, 24 
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Craveri— match compositions, containing per- 
sulphoc»an*c acid, 556, 558 

Crotog'ino, F* See Nisscnson,^!*) 262, 2*35 
^•77 

*Da«ROCH, and C. Meiklejohn — tin ores and 
• slags, analysis of, 257 
Davidis, E.—dye^ testing fastness of, to 
perspiration, 94 ^ 

Davies, T. H,— creosote for tiipU^r prcscm- 
^ tion, tests of, S30 ^ ^ n' 

wood tar pitch and stearin pitch, solubilities # 
of, 843 * 

Davis, G. E.— benzol, distillates from mixtures 
of 50 and 90 per cent., 7^8 * .. 

benzols and toluene, distillates from n^xturw 
of, 769 , ^ 

Dayk, M.— -soap in tar emulsions, determina- 
nt!^ of, 820 

Debray, H. — siher, determination of solenium 
^ in, I19 ’0 m ^ « 

Deville, 145 

De Escosura — mercury, electrolytic estimation 

of, 153, IS 4 

De Haen — copper, iodide method for estimat- 
iogj ^ 7 S * 

De Koninck — manganese m iron ores, volu- 
metric determination of, 34 • 

De la Harpe. See Reverdin, 850, 870 
Dervigfes, G. — arsenic, distinguishing spots of, 
from antim?)ny, 280 

thiophene in benzol, determination of, 631, 

797 , 79S , . . , 

Dennis and others — gas, determination of 
benzene vapour in, 635 

Devafda — nitrate-nitrogen, determination of, 
384 

Deville— benzene and homologues in gas, 
determination of, 661 
gas coals, classification of, ^2 1 
' and Debray — ^atinum sand, dry assay of, 

145 

Diehl -y lead, volumetric determination of, 
239 

Dittmar. M‘Ivor, 18 
Iji fe?, E S p cresol, valuation of commercial, 817 
and Clauser— ^ysol, analysis of, 819^ 
Dobriner, P., and W, Schranz— aniline and 
toluidine, determination of, 861 
ariline and toluidine, determination of 
^ moisture in, 857 * 

Ddnng, T. — gold, detection of, 133 
Donath, E.— diromium in iron, deteinninati< 3 h 
of, 7 i ^ 

cochineal carmin, 'vietection of adulteration 
of, with coal tar colour cakes, 1179 
logwood extracts, detection of adulteration 
of, 1164 

and Asriel— pitches, composition of, 778 
and Jeller — iron ores, dissolving, 7 ^ 

and Margosches—pitch, the free carbon in, 
^ 778 ^ ^ ^ 

and Milliner*— tin ores containing tungsten, 
analysis of, 237 

and R. Strasser — indigotin, estimation of, 
1147 

Se^ SchSffel, 36, 37 


Doran. See Harding, 1*30 
Doioszcwiiki, A., and M. 
incth}'! alA'ohoiaud 
of rjiiftuics on 894 

Drcgci, W,— ddpheiu of, #5 

tctrabiornidv, 494 * 

Drc;|ischmyt -out-thane, platinuiu tufic fm' Ilur 
4 ?ruhurtion of, 644 # 

sulphur in coal gas, detennination of total, 

* * 

Drtnvsou— :yiH: dust, ai^tlysis of, 29S, 920 
Drown— silicon in iron steel, dclerminulian 
of, 45 

Dimarc— limestone for the ip.i**iufactur't of 
ef carbide, 586 ^ * 

magnesia, determinatiun oLiwall 
' of, in presence of much Hmc, 586 

#und A. Li'^ba - dirimic iron ores, analysis 
of, • 

Dupre, A.— dynamite, guncotton, cfi“.|Tlcstruc- 
tion of samples o), 508 

Dupre, L. W.— smokelcs:j powtlcr, determina- 
tion of moisture in, 510 
Dupre— perchlorate in polassium nitrate, deter- 
mination of, 484 

Dusart— phosphorus, detection iif, 561 

Ebeix— lead peroxide, valuation nf, p3 ^ 
Eggertz— carl)#n in irem or steel, eoloiimctik 
determination of combined, 57 
iron, determination of slag in wrought, 88 
Eitner and Keppeler— acetylene, determination 
of sulphuretted hydrogen or phosphorelted 
hydrogen in, 606 
See Bunte, 744 ^ 

Elliot and Storer— sulphur in zinc, determina^ 
tion of, 398 

Emde— methylaiiiline and dimethylaniline, 
detection of, 869 ^ 

Emmerling— sand in feeding stuffs, delcrmimt- 
tion of, 456 

Emmerton— phosphorus in iron ores, deter- 
mination of, 38 

Endemann— phenol, detection of, 823 
Engel, G. — indigotin, estimation of, by reduc- 
tion with vanadyl sulphate, 1139 
Eschka— gold amalgamation assay, IS if ^ 
Evers, F.— glue, di&rentiation of animal mi 
vegetable, 543 

Exner, F.— lead, electrolytic determination of, 
237 

Fakrion, W.— fat in glue, determination of, 

. 54 J 

Fairley, T.— sulphur in coal gas, determination 
oftotal^ 67 l * 

Faunce, G.— hard analysis of, by meant 

of specific grav%, 336 # 

Feder— formaldehyde, detection of, 900 
formaldehyde, estimation of, 

Feld, W,— ammoniacal liquor, determination 
of hydrocyanic and krtoc^mk acids in, 
73 ^ . « 

^ hydrocyanic add in ierrocyanidc, estimatioti 
e of, 759 

tar-fog in gas, determination of, 683 
' glue,’* * * 


Fels— |Tue, viscosity of, $43 
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Flsmande^-lvrug* and Hampe— bismuth in 
coppiT^ determination of, 200 
bisiniiih ores, analysis of, 244 
hard lead, shot, etc., anal>%is of, 

Jead, an.'d}% 5 s of commerciai, 230 
Finkenbeiner, IL* Blank, ()., 903 
Finkener, R,— arsenic, estimation of, as silver 
arsei^te, 273 . • 

gold-plating, detection of thin, 144 ® 

ribreury, pnribcation of, 155 ♦ ^ • 
silver-plating, recognition of thin, 122 
white metals rich in iin, anaiysis^f, 258 
iSVc Rose, 729 . „ 

Sie Schneil^er, 2S8 

Finm A. N»— d?irnotite, analysis 5 f, 339 ^ % 
Fiscoer,!!*— -arsi^iic in copper, determination of, 

^ 

Fischer, K.— matches, testing the behaviour of, 
niitler percussion, $73 * * 

phosph<frus, detection of, in presence of 
pdtassium chlorate, $61 

Fischer, T. — cadmium, gravimetric determina- 
tion of, 303 

Fischer and Strome3^er--“Cobalt, determination 
■ 8f, by potasbiiim nitrite, 312 
Flath, J » — lead ores, dry assay of, 22 x 
Fdhr — tin ores, analysis of, 256 
■j^drsten^^ — carbon in iron or steel, determina- 
ti^of total, 49 m , 

Forster, O. — lime manures, esmnation of basic 
constituents of, 440 

nitrogen, determination of total, in substances 
containing nitric acid, 379 
perchlorate in sodium nitrate, determination 

of. 435 * 

FOrster — mustard oil in rapeseed cake, deter- 
mination of, 459 

Formdnek,^ J,— dyestujBfs, spectroscopic ex- 
amingtion of, 11x9 
Fortmann, G. 6 a Russig, P., $16 ^ 

Frankel, A. — stannous chloride, estimation of, 

Francois— aniline, volumetric estimation of, 

858 

pyridine, determination of, 828 
Frank, F*--benzol, composition of commercial, 
*** 78X 

carbon bisulphide in benzol, determination 
of, 796 

Franz — copper chloride sojutions, specific 
gravities of aqueous, 369 
ferric chloride solutions of different strengths, 
specific gravities of, 362^ 
oxalic acid, specific gravities of aqueous 
solutions of, 898 

Franzen, H., and G. Greve — formic acid, 
estimation of, 917# • 

Fresenius, R. — acetic «acid in lead acetate, 
determin|tion of, 370 

arsenic in precipitated phosphate, deter^pina- 
tfllTn^f, 460 

bismuth ores and metallurgical products, 
analysis of, 243 

leaS; analysis of cqfamemal, 229 « 

sulphuretted hydrogen in coal gas, gravi- 
metric estimation of, 66p • 

• ZiW' determination of zinc in, 300, 920 


Fresenius and Bergmann— nickel and cobalt, 
determination of, 308 ^ ^ 

^nd E. Hintz— uranium, determination of, 
in ore# containing phosphorus and 
arsenic, 330 

and E. Luck — phosphorus, composition of^ 
amorphous, $29 * ^ * 

phosphorus, determination of percentages 
* of white and red, in iamples, 530 
Fresenius, and L. Griinhut — formaldehyde, 

0 estimation of, 904, 9x0 ^ 

Friswell— t?)luidines, separation of the, 855 
^Fritchle— ui^nium-van^dium ores, analysis 
of, 33S 

Fromm, O. mSa ^ylius, F., 296 

• 

I tSABRi EL— crude fibre in feeding stuffs, deter- 
mination of, 452 

Gabut^i— formaldehyde, detection of, 900 
Gair, C. J. D. — naphthalege in cc»I «gas, 
determination of, 680 

Galbraith — chromium stiel, determinathjn^ 

of, 71^ 

Gall — calcium carbide, analysis of, 602 
Galletti — zinc, volumetric estimation of, 292 
Cans, L. Sa Benedikt, R., lit 
Garuti, V. Sa Pelet, L., 1025 
Gatehouse, F, B, — acetylene, detection of 
harmful impurities in, 604 
acetylene, determination of the heat of 
decomposition of, 609 • ^ 

calcium carbide manufacture, raw materials 
Jor, 587^ 

calcium carbide, percentages of, correspond- 
ing to various yields of acetylene, 594 
Gatehouse, J. W. — acetylene, determinaiion of 
sulphuretted hydrogen and phosphor- 
etted hydrogen in, 607 
calcium carbide, apparatus for determining 
the yield of gas from, 596 
Gay-Lussac — siker, deterniination of, by the 
silver chloride method, il 2 •' T 

Geisel, O. — tin in stannic chloride, etc,, 
estimation of, 924 #• 

Gerlach — ammonium chloride solutions,specific 
gravity of, 747 _____ 

ferrous sulphate soIuti<jps of 

strengths, Specific gravities of, 360 
stannic chloride solutions, specific gravities 
of, 373 

stannous chloride solutions, specific grifvities 
of, 372 t 

^ Kremers, 364, 36$ 

GerlaniL B. W.^ — indigo, esi^mation of, by 
dye-trials, 1130 ^ 

Indigotin, estimation of, 113$ • 

German Acetylene Union — acetylene yield 
from calcium carbide, apparatus for 
determining the, 599 

calcium carbide, regulations for sampling, 

* $90 

calcium caj-bide, yield of gas from, 591 
^ Gibb, A.— antimony in copper, estimation 

Gibbs — manganese m iron ores, determination 
of, 16 

Giljello* Sa Seyewetz, A., 909 



Gilbert, A.— moly^>deimm in molylidtiutc, 
estimiition of, 342 

Giles, W. B?-tuntiiluni ores, analysis* of, 35<^ 
Gin— tantiiliferous wolframite, unalyraa *4, 

S27 

Glaser, E.— ferric oxide and alumina tn 
artificiurmanures, estimation 4 1 4 
Glusmann, B.— /-nitrotolueno in crude 

toluene, estimMion of, 1^51 

See Roesler, 877 ^ . 

^melin— carbon in iron or steel, uelerminatkui 
of total, 49 

Gnehm, R., and F. Kmdler— mvijiyl alcolud " 
in formaldehyde, estimation of, <113 
Goering, R.— gold ores, prjjiiniuaiy tesling 
of, for assay, 130 

Gooch, F. A., and 11. W. Gruener— antnnonyr 
volumetric estimation of, 283 
Goulden, See iStuthews, 755 
Grattdeftu — oxalic acid in dried turnip icaves, 
determination of, 461* 

^ ^See Schhising, i3l *> 

Gregory, A. W., and J. MacCallum— chromium 
in iron or steel, volumetric determination 
of, 73 

Crete, E. Af^phosphoric acid, estimation 
of, 394 

Greve, G. AV?-? Franzen. II., 017 
Grossmann, H., and Ileilborn — nickcT in iron 
or steel, determination of, 67 
Gros^ann, ].~i^indigo, estimation of, by 
dye-trials, 1130 
indigotin, estimation of, 1 146 
Gruber — cresols, solubility of, in water, 814 
Grueber, von. See von Grueber 
Gruen^, H. W. See Gooch, F. A., 2S3 
Griinhut, L. See Fresenius, W., 904, 910 
Griitzner — formaldehyde, estimation of, r}04 
Gunther, O.^ — zinc, determination of sulphur, 
arsenic, and antimony in, 297 
Guignard— hydrocyanic acid m beans, detec- 
7 tbn of, 460 ^ 

Guinon. Spence, 1170 
Gunninsfr J. W. — nitrogenous substances, 

decomposition of, for analysis, 377 
Guttraann, 0, — smokeless powders, heat test 

Gutzeit — arsenic ^n precipitated phosphate, 
detection of, 466 

Guyard— manganese in iron ores, volumetric 
efetermination of, 33 # 

S. — antimony in hard lead, determina- 
fion of, 235 * ^ 

Haber and v. Oechelhjuser^ — coal gaif, deter- 
minathn of ethylene and benzene in, 660 
Habets-— pitch, composition of hard, 777 
Haffke. See Vogel, 412 
HUussermann— /-toluidine in tf-toluidine, 

estimation of small quantities of, 865 
Halphen, G. — ^benzene, estimation of, in, 
petroleum benzine, 794 

Hamm9rschmidt — acetylene, table* for correct-' 
ing the volume of, to standard ten^era- 
toe and pressure, 593 

-Hampe»*“antimony, arsenic, and tin, separation 
of, 28$ 


Hanipc— bij^nuilh irn.ilvci rwlHuny dcTc»'t« 
luiuatiHU 247 

ccippn, Ciuufdi‘f,r ,-naIy i' ‘'d’, ^ 

,siivt r, gyti' 4 trri.'/.n i.C, t 

zhv in in u 4* 

uml 1 ’kena- '• c ;i^in or ^4*;*!, 

vohmst'jrir nub ni 
AV* I*‘cn;aiak’r-Kj in*. :yo, 

ILitufJ’, n, .kiununKuiiij di-'si m.i.ai.ou td 

Mli> u'j jn, ♦ 

copper an: ijnjj in dctcnniija- 

347 

Hanobdiy- t,b’XtntTi, fMooncft i.d, {^30 

UaicciuK, V.‘ ■ cari'On H ul|» id ‘ ra,d gat'., 
Cidonnu'Siric rhtinrni'.m »'‘b 
*pci'it me lii'uj'u r<-'CAia!I<b finy * ** 

^ ^ KulphwrcUc ‘,5 b.ydiogen in o'.d ga', lobai' 
metric e 'tiinaiion >4, 

H.rrdin-4: aod^Porari c.nb as I iMilpWc in 
ben/.nh <k‘n,ijnin.jtion of, • • 

narinraim.’* Xv* Faal, b *7 
• Hast** R.'— ini.mcc bn weighing »>Hf 
vt\, 96 

Ilauffe, JSf,- -feuie uxulc and ahimirnt in 
aitificiai maiinrctn e;Oiin.ition of .Jib* ■ 
iluorine in aitificnd mannicn r dinatif^n 
of, 416 * 

Hay wood ural B, M. Smith' fonnaldcliyde, 
estsniation nf, ‘103 ***' ^ 

Heath— c«,>p|Mn',^‘k’Cln')lytii,* ♦ i’.t’madon of, in 
picsence ol aiuimony, if/i 
copjier slags, culonmetric assay ‘d. I Hi 
necnminn, P. • phuto a .jpy of dyci tidl 1132 
water-glass, ana ly si 1 of, 930 
Hefner— lamp for gas pliotimn?trv» 70! 
Heidcnreich, M,- tin, electrnlyfic delctmiini- 
tion of, 269 * 

Heilhoin. See GruHSinaiin, I!., ^7 
Heine — copper in ores and .slugs, co|ininu 4 rkr 
detciminauati of, I ha 

Heintorf, \V.— lusmtitii, anaiysi^ of metal- 
lurgical produelH containing, 245 
Hcmpel, H. See Aluyer, 628 
Hempei, W.— phospnorus in phosphor-tin, 
determination of, 265 

tungsten in wolframites, determination of, 
26 

and Kuhl— acetylene, deU^rmi nation o? 
phospluiretted hydiogcn in, tki8 
Herdc, H» See Heiiskr, F,, 8 to 
Herting— tungstic acid, volumetric tklermina- 
tion of, 74 

Hertz. See Lange, 74$ 


Herzog, phenol, detection of, by diphenyl- 
carbamide chloride, 823 
II ess— blasting gelatine und gelatine dynamite, 
examinati#n of, 5^ 
platinum ores, W'ct lujfay of, 148 
Heusler, F., and E* Herde— anthracefte, esti- 
mation of paraifms in, 8 10 ** 

HiblSrt, E. See Knecht, E., 1 1 34 
Hiepe'»^8tannic acid, determination of Im- 
» ^ purities in, 213 

IJtillebrand, W. — vanadium, detection iff, In 
rocks, 335t 

and'F* L Eausome— vanadium in vanadium 
ores, determination of, 338 # 
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fiintz, E., and tj* Weber— thorite, analysis 
354 

Stf F'lie' eninr-, 33a ^ 

1 1 in ' 4 fat in inoiaiv'cs fcetling tdiffs, deter- 
^ uf, 464 

!b''nig--‘hu!igy 4 it, vvitirnation id. 1134 
Hohnainj, A. W .iiver - plating haths, 
of, 120 ^ 

llriftnann --ueigfniig out tngdes for analyteb, 6 
Iiu’ltscn}a"-rx|'iM' 4 \t: r, heat ti” '?UiL;S^O 

stiver, acvui.o 3' id i\v. Gay-Lu-' ac method 
for deti'finiriif.g, ffa6 

iloldv, h'n2<*iit% distinetiori cd, front 

petrohn'^n Ivninme, etc.. 7<j,\ 

^ r.^bolini*umrpfi4iertHfs oh H34 
llcilkm.fin '‘- 4 in|p‘ in bade ; Lvg, edimatiun of 
42b ** 

lloiioftay, (u T*, and Pearce— gedd or^^r, 
atIPciy of tenofide. 127 ’ 

gol!*HO,% predpitjlion id tdlnrinm fann, i 24 
HoifUi'Jid F, G.— pitch, determis.ation of the 
melting and froftening polnlt^ of, .S39 
lloltschinidt, W.-dniisgotin, e.aimutiun of, 
Iw permaiigurMU', 1149 

ilokwscheidl - vanadium, iudomctric e^ti- 
mation of* 336 

Ildmiurtk —carljolineum, pioperties of, S34 
IJcJOpejiJi F.— tar, free carbon (onteiu of, 
ansR|jcdru' gravity, 760 ^ 

Horsley — matches, determinution of Use 
ignition temperature of, 573 
Hundeshagen- -phosphoric acid in iron ores, 
determination of, 23 

Hntchin and Tonks—wolfram ores, analysis 
of low-gra«le, 327 


I880T5ON AND BREARU'— tin solutions, 
reduction of, by antimony, 369 
Sei Brea^-ly, 45, 52 

llinski, M., and G. von Knorre— cobalt, deter- 
mination of, by nitroso-/i-naphthol, 3x2 

Irwin— sulphur in crude benzol, determination 
of totoi, 629 

I wanicki— nickel in iron or steel, determina- 
tion of, 65 


jAtOBSEN, 0. — xylol, composition of com- 
mercial, 791 

Jaeger— gas analysis apparatus, 657 
gas, combustion of, with copj^r oxide, 645 
Jahoda — iron wire, method of dissolving 
standard, 33 
Japp, Sei( Schultz, 807 
Jean, M. — aluminium, determination of phos- 
phorus, sulphur, and arsenic in, 349 
Jellen Sie Donath, 7 ^ 

Jettel, W,— dextrins, amwses of, 5$r 
Jodibaur— nitrogen, deterThination of total, in 
substances containing nitric acid, 378 
Jones, C — f^rnc solutions, reduction of, iby 
zinc <5&st, 30 ^ 

Jones, F. W., and F. A. Wilcox— mercury 
fulminate, analysis of mixtures containing, 
• S85‘ A 

Jordis— water-glass, analysis of, 931 
Jorissen, G.— naphthols, dlstin^ishing Txi- 
"* tween the, 882 


Jorissen, W. P., anti Rutten— naphthalene in 
coal giui, determinatifm of?679 
Ji:p4icT, y. — ^rbon in iron or steel, deter- 
mination of total, 49 
iron ores, disiaalviiig, 8 

jungfer, ih— copper, complete analysis of, i^iS 
junk. Sgr Bergmarin, 52 1 ^ 

' ivAflL, AX' llempel, 608 ^ 
ivalman. .'^'.vSpiller, 17 

, K ail tier, F. StY G nehm , R 9 ^ 3 
Kellner, G.— foiiditiTfls, determination of 
ullnmuiv'ids in, 449 

fo'^stuff-.'^icip.^ninatioii of non-allmminuid 
■p %iitrogi*n in, 450 
^ match compositiun, Ir.wn safety. 557 

nitrogen in malasFes, determination of non- 
rsiwjininoid, 4(535 ^ ^ 

phosphode add soluble in “bitry-te solution, 

^ ^ estimlu(..n of, 403,^25 ^ 

Keppeler — acetylene, detection of harmful 
impuritk.'-i in, 604 

iicetyienv, determination of sulphuretted 
hydrogen and phosphor tested hydrogen 
in, bo6, 607 

Kcil— gold, determination of, in alloys, 144 
platinum, native, 1 45 
silver amalgam, dry assay of, lio 
silver, determination of, by ^le Gay-Lu^ac 
method, ri6 

tin waste and ashes, analysis of, 265 
Kenesz— archil extract, detection of magenta 
and acid magenta in, 1173 
Kessler, F. — ferric solutions, reduction pf, by 
stannous chloride, 30 

manganese, separation of, from iron and 
aluminium, 14 

Kinder — zinc in iron ores, determination of, 19 
Kindt — guncottog, distinguishing, from cotton, 

497 > " » 1 

Kinnicutt — sodium nitrite, valuation of, 927 
Kissiing — fat in glue, determination of,>542 
glue jelly, determination of the melting 
point of, 545 

glue, scheme for testing, 536 
Kitschdt, M.— bleaching i^wer of light, 
unit of, 948 

Kitto— gold ores, assay of antimonlal, 127 
Kjeldahl— nitrogen, estimation of total, 37$ 

Klar, M.— formaldehyde, estimation of, 9 oi,»|D 2 
Kleb«r— formaldehyde and paraformaldehyde, 
estimation of, 908 _ 

Kkmp, G.— zinc dust, iodomSric valuation 
of, 299, 921 ^ » 

Kliiss — aluminium scrap, analysis of, 353 
Knecht, E.— azo dyes, estimation of, 951 
indigo, estimation of, on the fibre, 1157 
methylene blue, estimation of, 1025 
and E. Hibbert — sodium hyposulphite, 

’ analysis of, 1154 

Knorr, A* H,-'*“Si!ver, volumetric deteriftina- 
tion of, 128 

•» !<norre,»G. v.— manganese in iron or steel, 
volumetric determination of, 62, 63 
tungsten, determination of, 74 
Se^ illnski, 3 is 
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Robert Sea Scbonbein, 570 
Kohler— tar, ^ apparatus for estimating tlic 
specific gravity of, 757, 758 -% 
tiyPestimation of free carbon in, 759 
Kmnig, G.— gold, blowpipe assay lor, 130 
Eofiig, J*— dTude fibre in feeding ‘ntutls, deter- 
^ minaiion of, 452, 454 
nitrate-nitrogen, determination of, 383 
Kohler. Lunge, 747 e . 

gioppeschaar, W. F. — indigo * Colonmey ic 
examination of, 1131 * * 

phenol, determination of, 823 • 

Kramer, G. — acetone, ibdometric determina- 
tion of, 493 ^ 

coal tars, German, 752 ♦ \ 

tar, estimation of free carbon in, 759 ^ 
and W. Bdttcher— benzene in petroleum 
spirit, determination of, 794 
and (dV. Spilker — anthracene, deternimktion 
of paP-affiOs in, , 

^ ,^nthracene, dekrmiis^ition of phenanthrene 
in, 807 

benzol, apparatus for distilling, 784 
benzol, determination of paraffin hydro- 
carbons i«?78oo 

benzol, testing, for resioifiable and unsaturated 
compounds, 800 

benzols, composition of commercial, 
carbazol, determination of, 808, S09 
I^^t oil, composition of, 765 
middle oils, analysis of, 771 
phenol, determination of the solidifying 
point of, 813 

tar, determination of water in, 763 
Kraei|ier, P., and C. Sarnow— pitch, deter- 
mination of the softening point of, 837 
Kramer — zinc chloride solutions, specific 
gravities of, 367 

Kraus — gold, inquartation of, with cadmium, 
143 

* Krelf— methyl aldbhol, estimation of, 894 
Kremers and Gerlach — potassium bichromate 
soktions, specific gravities of, 365 
and others— potassium chromate solutions, 
specific gravities of, 364 
KflRpS^amalgamation assay for mercury, 152 
Krug — sulphur fS iron, determination 8S 
K lister, F. W*— naphthalene, determination of, 
803 

m^hthol, acidimetric estimation of a- and 
t 882 

and others — lead, analysis of hart?, by 
specific<ravity, 236 * 

Kunheim & Co. — tantalum ores, anal3ftis of, 358 

Lambert, W. J. — manganese in iron ores, 
determination of, 12, 17 
manganese in iron or steel, valuation of 
arsenite solution for determining, 64 
nickel in nickel steel, determination of, 67^ 
silicon in iron or steel, determination of, 45 
tungsten, precipitation of, 37 * ^ 

vanadium in iron or steel, determination of, 76 
Landolt — phenol, detection of, 821 * 

Landriset. See Rossel, 600, 604 
Lange and Hertz— antmonia, testing liquefied, 


Leather, Arc 628 * 

Lebbin fonn ildcliyde, of, H99 

ft,tnnalt.k‘iiy<k.\ ej'iiniaf ion of, 

Lcconivre, uickiL 4 ? tcrinmaaou of, in 
ntckd-plating luJfi;., 321^ * 

Ledehur '-’.tr -cjiic in 'mm ’tre-, dcletminatian 

gr.ifhue ill mm .m-l Hbod, dcfcnaiifiilioii of, 

' sfi ^ . * 

lixygcii ijf iron, deierminition id, 8 B 
tiianium iji iion oref, dcU'jmhtitkm of, 33, 

‘ 26 ♦ 

titmiuk in iron or steel,* tklermin4ti?>ii uf, 

^vanadium in inm or hteel, determhutioi of, 

Ledmix vN; Co. • - uraniuni-vaiiadium ores, 

• analysis iL MO 

Leesliing— :Iifhile.\trads,»!ftfc*ion ufaifftsera- 
tionof, 1172 

gtLeger, £.“-“ 11 . 94111101 “, ditUirentl.uioji Jf n. and 
/k, 88 r 

Lehmann dyestuff;?, spectroscopic examina- 
tion of, 1122 p 

Lemme, G.- finmaldehycle, CMUmation of, 
Lciiker. .V/c Ridng, 154^ 

Lenssen— stannous chloride, titration of, by 
iodine in alkaline solution, 269 » 

Leo, K.— pitchiki briquettes, dciermination of, 
841 

Letny— oil gas tar from heavy |>eiraleum 
tailings, 757 

Leuba, A, See Duparc, L., 333 
Leuchs, G.— indigo, sjHJcific gravities of difi’er- 
ent strengths of, i ! 28 # 

Levinstein— .xylol, «estirnation of the three 
xylenes in commert iai, 793 
xylols, analysis of, 792 

Lcybold and Moldeuh.atier iron^in fefri> 
C5*anide solutions, estimation of, 728 
Leyque and Champion— matches, iklermina* 
tion of the ignition temjicrature of, 573 
Lkhtschlag, F.— ferric oxide and alumtiui in 
artificial manures, estimation of, 416 
Lid holm— acetylene, determination of phos* 
phoretted hydrogen and sulphuretted 
hydrogen in, 607, fioB 
calcium carbide, analysis of, 6 o 3 
Liebermann, C.— phenol, detection of, Sat 
thiophene in t«iizene, detection of, 797 
and Seyewetz— carlnan bisulphide in tienzol, 
detection and determination of, 63 L 
^ . 795 t 796 

Liebermann, L.— gum-arabic, gurn-senegal, 
and dextrin, testing and diferentiatmg, 
S 52 p 

gums, examinatioi^f, 54S 
Liebig— cyanogen compounds in malch com** 
positions, detection of, $7«* 

Lii^mann, A, — iz-naplithol ln*»^apbthol, 
detection of, 881 

m-nitroaniline, detection of, in presence of 
/-nitroaniline, 879 - 

and A. Studer— aniline, analysis of, S38 
Stfchil extract, detection of magenta in, np 
Lindcmann— silver, determination of gold tit 
auriferous,, X43 ** 

m t 
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Lindemann — vanatik add, titration of, with 
ferrous sulphate, 335 

vaniufftiin, delect ion uf, 411 i^m ores, etc., 

• 3Sa t ^ 

Linder— aminoiycd lif|n<'<r, analysi'’^ nf, 736 
hydrocyanic acld^in coal gas, t;?>timattoii of, 

, « 

Lippinatfh,^ E., and J. Eollak— hydrootbons, 
^ idcntiiuution »!, Hii ^ 

Lwry dcf Ikuyn "“Suhshur in pur, deter- 
mination ot, I‘j 5 * n 

L*'Hvi*rithul-“Cochinealt vu!umetnc valuation 
of, 1 1 80 * 

Loges— Cal ii ^feeding stuff/-, dekrrninatbn^, 
'*447 

irq^daorate i» sodium nitrate, esdmi^iion of,. 
43$ * 

Loreti^ N.*— phosphoric adL gravimetric 
e^irn^slion of total atid insolufle, 3^)7 
LorenZ"--cartK>n in iron or steel, determination 
of total, 4^ 

/-toiuidine, determination of, in presence of 
rr-tokiidine, 865 

L0v% A* H.— copper, electrolytic estimation 
^ of, in presence of arsenic, 166 
•*^opper, estimation of, by the iodide process, 
I 7 S 

m galiwif analysis of, 224 

manganese, volumetric detetminatioa of, 36 
,SVr Pearce, 357 

Lowe— phenols in carlx>lic oil, determination 
774 


Lunge and Smith — ammonium carbonate 
solutions, specific graviSes of, 748 
%nd WeiniPitiib— cellulose in nitrocellulose, 
determination of imnitrated, 501 * ^ 
and Wiernik- ammonia solutions, specific 
gravities of, 742 * • * 

MacCall^m, J. A<v Grci^ry, A, W,, 73 

* McCarthy, Dennis, 635 

^Vfiiyu — arsenic, estimation of, a|, 

pentustilphide, 272 

* McCreath— carbon in iron, determination of, 

using ?opper amiBonium chloride, 33 
Mach, F.— ash in feeding stuffs, determination 

•Su 456 S' 

anirrhissou-'^ phospihoric acid in basic slag, 
estimation citrate-soluble, 409 
^Iclvc^tnd Dittmar— chromium in iron ores, 
t Wtermination^of, 18 • • 

Mackintosh— nickel "and cub:f!t, determination 

* of, 311 • • 

Margosches. Sfe Donath, 77 S 

Martnier. See Lunge, 80 
Marshall, A.— acetunc, deter miction of basic 
substmees and acids in, 
smokeless |Jowdcrs, determination of moisture 
in, 510 

Mastbiiulh— tin, determination of, in tinplate,79 
Mathews and Goulden — tar from carburetted 
water gas, 75S • 

Mayer and Hempei — gas oils, valuation of, 
628 


Lubberger — oxygen m coal gas, determination 
of, 663 

Luck, E»— anthracene, analysis of, 803 
Sa Fresenius, R., 529,^30 ^ 

Luckow, C. — copper, ekciroly dc determination 
of, 159 

lead, electrolytic determination of, 226 
Lddert— manganese in iron or steel, volumetric 
determination of, 63 

Lunge, G. — anthraquinone and anthracene, 
equivalent weights of, 806 
benzol, assay of commercial, 784 ^ 
carbon in mon or steel, determination of, 


I, $4 ^ . 

ferric and aluminium hydroxides, prccipita- 
tion of, 9 

nitrous acid in nitric acid, determination 
of, 4^8 ♦ 

sodium nitrite, valuation of, 927 


specihe gravity of tar, estimation of the, 758 
sulphur in iron ores, volumetric determina- 
tion of, 3$ 

tar tester (viscosity), 834 
toiuidines, composition of mijitures of and 
/«, determined 1:^ specific gravity, 864 
and 4Uedercreutz — acetylene, determination 
of sulphuretted hydrogen and nhos- 
pjioietted hydrogen in, 605 ^ 

calcium carbide, apparatus for determining 


the yield of gas from, 597 
cakjum carbide, sampling, 58S 
and Kohler— amnionium chloride soIutionsT 


specific gravity of, 747 ^ « 

^ and Marmier — tin in tinplate, determination 
of, 80 


Medicus — phosphorus in organic matter, 56a 
Meienberg, A.— sulphur dyestuffs and Aniline 
Black, colour reactions of, 1 1 16 ^ 

Meiklejohn, C, See Darroch, J., 257 
Meinecke, C. — manganese in iron or steel, 
volumetric determination of, 64 
manganese, volumetric determination of, 37 
phosphorus ii^iron, determination of, 87 
Meischmeier — fireworks, te’lt for spontjftieousl 
combustion of, 584 

Merson — cochineal, volumetric valuaition of, 
X181 

Messinger, L, and G* Vortmann-— |S-naphthol, 

titration of, 883 

phehol, determination of,?26 
Mayencon — gold, detection of, 1 32 
Meyer, F. — blendes, test for degree of calcina- 
tion of roasted, 293 ♦ 

Mierzinski — cochineal, 1178 $ 

^Milter — platinum ores, wet assay of, 148 
Millon — sulphur in black ponder, determina- 
tion of, 496 ^ 

Mills, Em — coal tar, analyses of, 75F 
Minor, W. — cadmium, determination of, in 
zinc ores, etc., 304 

Mitscherlich^ — phosphorus in match composi- 
tions, detection of, $60 
Jliftasch, A. See Wissenson, IL, 274 
Mdhiau, R. — indigotin, estimation of, USa 
« and M. R?Zitnmermann— -indigo, estilnation 
of, on the fibre, 1156 
indigotin, estimation of, 1136 
Mohr, F. — antimony, estimation of, by means 
of iodine, 282 

arsemc in copger, estimation of, 197 * 



1248 


INDEX 




Moissan, H.— aluminium, determination of 
nitrogeil? ixf: 349 

aluminium, determination of fK^dium in, 3^^ 
calrum carbide, impurities in commercial, 

" 5S7 

Mcnnet— bepsol, fractionating column for, 787 
Mc*)re — manganese, volumetric determination 

of, S7 \ * , 

Morin. See Claudon, 789 
Morton. See Pennock, 743 ^ 

^uck— coal, proximate analysis of, ^23 
pitch, determination of ash in, 836 
Muller, C. G. F. — iron Carbide, scfiubility of, 
in acid, 59 

Mullner, See Donath, 257 ^ 

Mulder — silver, determination of, by the*Gay-— 
Lussac method, 116 

Murray, C. B. — manganese in iron ores, 
jjet^rmination of, 14 
silica m irqp o?2s, determination oP 8 
Miy^er, ]. — cresolj’detecijon of water 7 n, 814 
Myhlertz— manganese, volumetric determina- 
tion of, 37 

Mylius, F., and 0 . Fromm— zinc, analysis of 
commercu?^^96 

Namias — chromium in ferro-chrome, deter- 
mination of, 70 _ * 

Naumann — phosphoric acid in basic slag, 
^timation citrate-soluble, 409 
Neher, F. — arsenic, determination of, as 
pentasulphide, 271 

Neubauer, H. — molasses in feeding stuffs, 
determination of, 462 

phosphoric acid, determination of, as 
magnesium pyrophosphate, 392 
Neuberg, C. — formaldehyde, detection of, 899 
Neumann, B. — carbon in iron or steel, 
determination of, 56 

nickel in nickel steel, electrolytic determina- 
* 4ion of, 68 

Nissenson, H., 170, 233, 237, 23S 
Neurath,,, F.— cotton, examination of black- 
dyed, ii 17 

Nickels, B, — anthracene, detection of phenyl- 
^ . .p a ^h ylcarbazol in crude, 810 
gas tars, compos^don of English, 752 
Nickys — phosphorus, determination of white, 
in red phosphorus, $30 

Nicolf*C. — anthracene in coal tar, determination 
-tf, 807 

Nietzki, R.-- arsenic add, specific gravity* of 
various strengths of, 926 * 

Nissenson, H.,"^and F* Crotogino--^rsenic 
^ ores a»d speisses, analysis of, 277 
tin alloys containing lead, analysis of, 263 
tin alloys free from lead, analysis of, 262 
and B. Neumann— copper, precipitation of, 
by thiosulphate, T70 
hard lead, analysis of, 233 
lead matte, etc*, analysis of, 238 
worfelead, analysis of, 237 * 

and A. Mittasen— arsenious acid, volumetric 
estimation of, 274 ♦ 

and P. Siedier— antimony in hard lead, 
determination of, 235 
lead-antimony alloys, sampling, 93 


Noelting'- xylenes, senaratidiiTur the, 791 
*S>f* Bo.issou, SfH) 

calcium ^ampl^ug, 

5S9 , ♦ 

Occhclhiiuscr, von. See iHbor, 

Oehjjjuschou — uobi .ilby:, aiiaJy-i.: of, 143 
Offmy^inn, IL- -tluoiiim in .utifuial ftanures, 

“ crdiiaation ol, 4 16 * 

O’Neill. u B35 

Owen— indij^otin, cstin?atism of, by reduc- 
* tion, 1137 

m ^ 

p-ui-, anti bydi og9,n^ tlefermina- 

♦ tion of, by culioidal I'wii.tdium solntot, 

jRurkes— copper, volumeiiic tnitimution of, 173 
, Pai*ry — antimui^y, \uhnnetuc e.cJm.iUmt of, 

283 ’ . 

stauuou ♦••chloride soluiiona, pn‘|ia1-atTon of, 

^ from {in alloy,*, 

Passou •« -yVe 40 } 

Puter.is, A* -uranium ores, unsay of, 329 
Paweek, If.— zinc, electiadytic C'aiisu.iliuu of, 
291 

Pearce— arsenic ores, amdyd > uf, 37b ^ 1 * 

and Lt?\v— tin me,', arndyhjs of, 257 
See Holloway, 1 24, 1 27 ^ 

Pcip-rs— curbon^n iron or udurimclrir 
determination of, 55 

Pelct, I.,, and V. Ganui -Methylene Blue, 
estimation of, 1025 

Pennock and Muiton - pyridine in ammonia 
.solution, deUrminatitm of, 743 
Penny*— cochineal, vulumeuic # valuation of, 
ilSx « 

Pcrillun —copper in iron, determination of, 78 
Perkin, A. G.“-aliz;uin pa; te, e timalicm irf, 
loiG • 

anthracene containing methyf.irulnacrne, 
valuation of, 807 
.SItc Bloxam, W. P*, 1132 
Petermann— phorphoric acid ‘rdtiblein dlraie 
Sfdution, estimation of, in ^upcj| hoi pbaies, 
etc., 400 

Petersen— sulphur in black powder, drtci ruina- 
tion of, 49b ® 

Pettersson and Smith— curkm in irtm or ated, 
dctcrmlnaiiim of tomb 49 
Pfeiffer, O.— co:«l gas, cstiin.it ion of oklincs 
und licnzcric homologuc^ in, 66 1, 662 
cxplosiun pipette for gas analyds, 642 
furnace gases, sampler for, 614 
gas analysis apparatus 64H 
Hempel pipette, mudificd form of, 633 
lime for libetitting lUAinonia, valuation of, 74 1 
oxygen in coal gas, iliermination of, 663 
retort settings, uptRiutus for deteiifniniiig 
the neutral zone of combtption In, 6l6 
silver, electrolytic preparation of4imc, I 3 t 
suJ|ihur in coal gat, determination of tola!, 

Philipps-- cloth dyed with iodigo, de|^§|;tion 
* of logwood and santkrs wood on, 1157 ^ 

Flattger— gold, blowjnpe assay for, 129 
gold ores, cmoriiution method hr the assay 
of, 150 
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^tilphur itilron, cleterminatioii of, 86 Risplor— light oils, analyse? of, 765 
PodreschetnikolT— sodium sulphide, analysis middle oils from coke oven iar, Composition 
<m 9 * ^ ♦ of, 77^# 

Poggkik -—copper sulphate, Si^fubJIity of, in middle oils from gas tar, compositii^n of, 

« water, fhS 77 ^ * 

Polltk, j, .S>c ffipgmann, R., 8n Vienna gas works, tar from thef 753 • * 

Potmei'il, R. SW Voiocek, E,, 7t)3 ^ Rivot— copper, precipitation of, as thiocyanfte, 

Price, — copper, electrolytic determi||:uion 171 ^ 

of, 167, j6B « Robeits-Austen — gold, preparation of assay, 

Prf^'oznik—iroid assays, in Oue#^ #f platinum t39 •• ^ 

and pall idium on,«l4i Rdbsler ai^ Glasmann — benzidine and toh- 

silver, electrolytic ^l(t.‘parat!on o^pure, 121 « dine, estimation of, 877 

Pufahl— hismiuh, ,^:)lorimetric estimation of, Rtjssing— ifttimony, eiftimation of, as tetroxide, 

30t * ** • 

p^osphor-brSmte, analysis of, 2 i:f ^ RfJs^r, C.-*-ieaJ, determination of, in ores, 

phospjionia i|| phosphor-copper, dctemiina- 2#$ 

^ lion of, 2 c 6 * j silver in alloys, detection of, nr 

* iRusaler^L —-palladium and selenium in silver, 

Raah^pE.— nitrate-nitrogen, defermination of, | • « « 

38$ ♦ * silver, distinction from ^ni-^jition alloys, 

RammePherg— tantalum ores, anuly^^is of, 357 ^ I 2 t • • %* 

Ransome, R, L. Set lliilehrand, W., 33B Romijn— formaldehyde, estimation of, 9x0 

Rawson, C» — archil and cudliear, detection and Rose, 11. — bismuth ort*<, analysis of, 244 

estimation of magenti in. 1X72 copper, determination of, us cuprous sul- 

yf>' umlphite stdiitions, estimation of, 1154 phide, 169 

^uligotin, estimation of, 1 1 38. 1146 copper, estimation of selenium and tellurium 

Raschig, F.— w-cresol, determination of, in in, 202 

cmmiprcial cresol, 815 mercury, distillation test for, 150 

KegelsiS^er-'-aluminium, d^ermination of tinstime, assay of, 256 

carbon in, 349 uranium ores, analysis of, 3^ ^ ^ 

aluminium, determination of iron in, 347 vanadium, determination oT, in vanadium 

aluminium, determination of silicon in, 346 ores, 337 

Reich, F., and T. Richter— arsenic ores, etc., Rose, T. K.— gold assay, accuracy of the, 136, 


analysis of, 276 

Reinhardt, C.-“®chromium in steel, determina- 
tion of, 71 p 

ferric solutions, reduction of, by stannous 
chloride, 30 

sulphur^in iron, %'olumetric determination 
of, S3 

Reinhardt, H. — aniline oils, analysis of, 859 
Reis, von— arsenic in iron, determination of, 78 
copper in iron, determination of, 77 
manganese in iron or steel, volumetric 
determination of, 6 r 

phosphoric add in iron ores, determination 
^ of, 23 

phosphorus in iron, determination of, 87 
Renard— indigo, estimation of, on the fibre, 

nsS ♦ 

Reuter— xylenes, estimation of the, in xylol, 
793 

Reverdin and de la Harpe — aniline and 
methylanilines, analysis of mixtures of, 

870 

i>-nitrotoIuene, determiwition oL 850 
Richter, T* See Reich, 276 
Kidsdal^ C, H.— vanadium in slags, deter- 
mination 341 

Riegler, E.— formaldehyde, estimation of, 906 
Riemsdijf — platinum-silver-copper ayoys, 
analysis of, 149 
Riley-— vVfc Trulot, 26 

Hipper,*M,— formaldehyde, volumetric estima- 
tion of, 909 ♦ 

Rising and jLenker— mercury, elearolytic esti- 
• mation of, 1 54 


Rose— iron in ferrocyanide solutions, e|tima- 
tion of, 728 

and Finkener — hydrocyanic acid in ferro- 
cyanide, estimation of, 729 
Rosenstiehl— /-toluidine, determination of, in 
presence of <^toIuidme, 864 
toluidines, complete separttion of the, 855 
Roshdestweuski, M. See Doroszewski, A., 
894 « 

Ross and Leather — gas oil, examination of, 
628 

Rossel— match compositions, recipes 
and kandriset— acetylene, dialysis of, 604 
calcium carbide, apparatus for determining 
the yield of |ras from, 600 
Rothe, J. — c!i|ome iron ore, valuation 0% 522 
iron, ether-extraction method for separat^ig, 
^ from other metals, 9 

• nickel and cobalt, separatioi]^of, from iron, 
3K> 

Rougeot. Constanri!7 77S, 841 # 

Rowtdl, H, W. — antimony in hard lead, deter- 
mination of, 235 

bismuth, colorimetric determination of, 247 
Riidoi ff— acetic acid, solidification points of 
various strengths of, 896 
Rlirup, L. — tin waste and ashes, analysis of, 
265 ♦ * 

Kung, F, See Binz, A,, 1155, 1156 
Rupp,^,— formic acid, estimation of, 917 
Russig, F,, and G, Fortmann— cresol, valuation 
of commercial, 8x6 
Rutten» See Jorissen, 679 
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SlRNSTRoM — carbon in iron or steely deter- 
mination 52 

carbon in iron or steel, deternjination of total, 


IT 49 

♦manganese, volumetric determination of, 36 
‘ SAlomon—jicetic acid in lead acetate, detcr- 


c mination of, 370 

Sand, H. J. S. — copper, electrolytic determina- 
tion of, 167 * ^ # 

lead, electrolytic determination ^f, 227 
'C^ander, K. — zinc distillation residj^es, assay of, 
for silver, 104 

Sarnow, C. See Kraewer, P., 83f 
Schafer — tars from vertical and inclined retorts, 


Schaffner — zinc, volumetric estimation#!, 29X. 
Scharff, E. See Schenck, R., 564 v 

Scheele — ^tungsten ores, analysis of, 324 
Scheithauer — oil gas tar frpm Saxony ” 
Schen'ck, — jdiosphorus, preparation of light 

^ ^ red amorphous, 531 
'^''and E» ScharTf— pnosphorus, detection of 
ordinary, in presence of phosphorus 
sulphide, 564 

Scheurer, A. Brylinski — dyes, testing 

fastness ot, to light, 947 
Schiff. See Kremers, 364 
Schilling — specific gravity of coal ffas, appar- 
atus for determining the, 6S4 
Sishimeska, F.^S.— lead in slags, rapid deter- 
' mination of, 241 

Schlegel, G. — zinc in ores, gravimetric estima- 
tion of, 293 

Schldsing — nitrogen in nitrocellulose, deter- 
mination of, 498 

an^ others — nitrate-nitrogen, determination 
of, 381 

Schlumberger — indigo, chlorine test of, 1154 
Schmelck, V. — gold, determination of minute 
quantities of, 132 

- Schmitt, T* — nitrate-nitrogen, determination 
" of, 3S4 

Schm^er — molasses feeding stuffs, analysis 
ol, 462 

Schneider, J, — indigotin, estimation of, 1x34 
A^hpueMer, L.-— aluminium in iron or steel, 
determinati«sn of, 69 ^ 
carbon in iron or steel, determination of 
total, 48 

chromium in steel, volumetric determination 
^ of, 72 ^ 

inanganese in iron or steel, volumetn<Heter- 
mination of, 64 

sulphur in il‘on, determination of, ^86 
and Einkener — gravimetric estimation 
of, 288 

Schneider, R*— antimony, volumetric estima- 
tion of, 283 

Schdffel and Donath — manganese, volumetric 
determination of, 36, 37 
Schoen-^toluidine in (^-toluidine, estimation 
«of, 866 

Schbnbein and Robert — qranogen compounui 
in matches, detection of, 570 ^ 

Schbneis — aluminium in iron or steel, deter- 
mination of, 69 

Schranz, W. See Dohriner, P., 857, 861 


Schreinei;— dyewood extrant#, cx;uninatio#%f, 
1x67, 1168 

logwood extracts, examination of, |459 
Schulte“-#ulphur^n iron, determination^of, 8l 
Schultz and Jaiqi— methylanthiUcene in jyn* 
thnicene, 807 • 

Schulz, von, and Luw-'-*Sead in ores, deter- 
* mination of, 224 ^ 

Schflze, K. PI— pyridine buses, det.crminuti‘in 
of, 82]S # 

Schwalbe — tnuophene in benzol, determination 
of, 79^ , 

Schweiiisinger — archil preparation ?, detccticm 
of adulteration of, i *** 
-^logwood*dktructs, detectioaw molasses 
dextrin in, 1163 ^ • 

^Sch wicker— acetone, deiecdoR of, 49a • 
S^chwiening— match compni»itioxi containing ^ 
calcium Crthoplumlate. S34 • ' 

Seligmar^, R., and h\ J. 

minium alloys, analpis of, 301 * 

Senger— tar, determinauon of water in, 762 
Setterberg — glue, ^determination of the binding # 
power of, 546 

Stivene and Cahen— match Cijmp05ition,^56 
Seyewetz, A., and Bh>ch— hyposulphite 
lions, estimation of, 1x54 
and Gibello — formaldehyde, otjmadon of, 
909 • 

See LieUrm^ntt, 631, 795, 796 
Shukoff— naphthalene, deierminntion of the 
solidifying point of, 803 

Siedler, P. .SVr Nissenson, H*, 93, 23$ •* 

Siemens— phosphorus, determination of white, 
in red phosphorus, 530 

Silva — gold and pliitimnn, precipitation of, s 34 
Simpson, E, S»— tantalum ores, analysis of, 


Sjolleina, B*— perchlorate in sodigm nitrate, 
effect of, 435 

perchlorate in sodium nitrate, test for, 43#t 
Skey— gold, detection of minute t|uantitiei of, 
131 

Skirrow, phenols In gas liquor, delcf- 

mination of, 738 

See Clayton, 68 1 

Smith, A, See Petterason, 49 • 

Smith, B* H,— formaldehydei eslmulion of> 
910 

See ilaywoqd, 903 

Smith, C. E*— phenol, determination of, 825 
Smith, E. A,— auriferous aiuirnony, assay of, 


144 

Smith* E, F*— copper, eketrolytk determins- 
tion of, 167, x68 

mercury, electrolytic estimation of, 154 
zinc, electrolytic Intimation of, 291 
Smith* J* D, A,— cepper, colorimetric cstimf 
tion of, 181 • 

Smith, ). F* See Colman, 671 • 

Smith, J* K,— benzol* of reiinl* 

'^fmble and unsaturated compounds in, 
Zoo 

Smith, R. 0 .— lead, electrolytic dctefftiiiiatlot 
of, 227 

SdHth, W*-*ablast furnace tar, Scotch, 755 
See Lunge, 747 • ^ 
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iHrensen— sodimm oxalate 'as standard for 
|>en|anganate dcterininaUon of iron, 29 
Somerville, C* W. — sulphur in coal gas, 
determination of £otuif673?^ ^ 

^ sulphuretted hydrogen in coal gas, iodo- 
i metric ditermination of, 667 

Soxhiet— flavin, preparation of, X174 

■ Spence^ud Guinon— French purple, prepara- 
tion of, 1170 • 

S|ii I ker— coke-oven tar fromiQt^o furnaces, 
754 ^ 

Sm Kraemer, 759,1^63, 765, 7fi, 781, 784^ 
800, 807, 80a, 509, 810, Si 3 « 

Spiller, solvent for, 141 

^ and Kulma* — chromium in iltin ores, dei^- 
• Ifiination of, 17 

Spi^Hcr— carbdfi in iron tsr steel, delerwninaticv# 
<jf combined, 58 

Benner —chromium iit fcrro-chrome, 
«#doiermination of* 70 , 

Stas accuracy of the Gay-Lussac 

method fur determining, 116 * 

Stead, J» E,— arsenic in iron, determination of, 
79 . 

’ cilrbon in iron or steel, colorimetric deter- 
^ mination of combined, 59 
^hrmnium, separation of, from iron, 72 
Ste nhouse — lichens, determination of dyc- 

• WfWtng lichen acids in, 1169 
Stolba, £.— indigotin, estimaWon of, 1134 
Storer. Sie Elliot, 298 

Strasser, R, Ser Donath, E., 1147 
Strick— silicon in iron or steel, determination 
of, 45 

Stromeyert See Fischer, 312 
Studer, A. See Liebmann, A., 858, 1173 
Stutzer — albuminoids in feeding stuffs, estima- 
tion of true, 448 

digestijpie albuminoids in feeding stuffs, 
determination of, 450 
nitrate-nitrogen, determination of, 384 
nitrogen, determination of total, in sub- 
stances containing nitric acid, 379 
Sugg^ — London No. i Argand burner, 70S 
Swoboda, E,— disinfecting powders, analysis 
of, S21 

• 

Tamm— sulphur in iron, determination of, 
86 

Telle, F.— phenol, determination of, 826 
Textor— blast-furnace sla^, analysis of, 27 
Thiele, J.— arsenic, detection of, 280 
Thomas, J. 0. — explosives, heat test for, 
520 

Thorpe, T. B*— phosphorus, luminescence test 
for white, 5^ ^ 

Tidy— creosote for timber presentation, exam- 
ination of, 829 • 

Tollenst B»— jjentosans in feeding stuffs, deter- 
mimnation of, 458 * 

Tonks. Hutchin, 327 
Tdth — phfool, cresois, etc,, determinatlbn of, 
824 

♦ Trillatj A. — formaldehyde, determination of^ 

901, 902 

Trimble— Brazil wood extracts! colorinietric 
* examination of, 1182 


( 


Trouton, F. T*, and E* S.Undrews^ — pitch-like 
substances, determination ofi»the viscosity 
* of, 840 

Trulot and Riley — titanium in iron^ ores, 
determination of, 26 ♦ 

Tschugaeff, L.— nickel, detection of, by^di*- 
methylglyoxime, 314 ^ 

Turner — ^silicon in iron or steel, determination 
of, 45 • 

UlECENA, .S?<* Hampe, 61 
Ulex — mefeury, purification of, 155 
Uike, T* ^ee Whit^ead, C., 108, 142 
Ullgren— carbon in iron or steel, determination 
jof, 54 • . jf 

cojiper in iron ores, device for electrolytic 
determination of, 21 
IJlsch-^itrate-nilrogen, determination of, 382 
Ul;j||^ndigotin, ^estimation of, 1133 ^ 

ValENTA — corrl tar oils, distinguishing, froni 
petroleum oils, 7^4 • 

van Eijk, C.— phosphorus, detection of white, 
506 

Vanino, L,— formaldehyde, est^ation of, 907 
van Ketel, B. A. — formaltW^ue, detection of, 
899 

van Lee^t, F. H. — indigo on wool, detection 
of, 1157 

van Liew, R. — gold, determination in 
alloys, 142 * ^ 

Vaubei, W.^ — ^carbazol, determination of, 809 
ethylaniline, determination of, 871 
ethylnaphthylamines, properties and estima- 
tion of the, 874, 875 

naphthol- and naphthylamine - sufphonic 
acids, estimation of, $86 
phenol, detection of, by Millon’s reagent, 
822 

Veitsch, G. P. — nitrogen, determination of 
total, in substances containing nitri^ acid,* 
380 

Verein f Ckem, Industrie — methyl alcohol in 
formaldehyde, estimation of, 91 1* 

Vieilie — explosives, heat test for, 521 ♦ 

Voeller — indigotin, estimation of, 1134 ^ 
Vogel^ and Hiiffke— potaj^ium in artihcial 

manures, estfmation of, 412 
Vogt — zinc, volumetric estimation of, 294 
Volcy-Boucher — naphthois, distinguishing 
between %he, 882 

Vol^ard — copper, volumetric determination of, 
% ^ by means of thiocyanate, 179 

silver^ determination of, by<*the thiocyanate 
process, 116 # ^ 

zinc in lead, determination of, 233 
and Wolff — manganese in iron ores, volu- 
metric determination of, 34 
manganese in iron or steel, volumetric 
determination of, 60 

i^on Breukeleveen, M.— perchlorate in sodium 
nitrate, ^st for, 436 « 

► von Cochenhausen — archil preparations, 
valuation of, ri?! 

Brazil wood extracts, dye-triais of, 1182 
carmin, preparation of, 1178 
cochineal, aye-trials of, n8o 
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von CochenhaiiseiC—fustic wood and extract, 
estimatbn of dyestuff in, 
indigo, estimation of, by dye-j|*ials, r 129 
von prueber — ferric oxide ana alumina in 
c artificial manures, estimation of, 415 
/■vqn J iiptner^ See J iiptner 
" vop Knorre, G. See Knorre 
von Oechelhiluser. See biaber, 660 
von Reis. See RelTi , 

von Schulz and Low— -lead, det^^ietination of, 
e in ores, 224 ^ 

Vorlander, D. See Wangerin, A., £141 ^ 

Vortmann, G.— copper,^, determii^ioii of, as 
thiosulphate, 170 

cyanogen compounds in ixatclirs, det-^tion 
of, 570 ^ . 

See Messinger, 826, 883 1 ^ 

^ Votocek, E., and R. Potmesil— carbnn bisu2-l 
plude in benzol, detect^n of, 795^^S|;. } 

rV/AGNER, f phosphorfc acid inr artificial 
manures, gnf\dme^fic estimation of in- ' 
soluble and total, 389 

phosphoric acid soluble in citmte solution, 
estimSi^onof, 401, 425 
61?^ Schlusing?^! 

Wagner — gunpowder, test for ascertJiining the 
power of, 575 ^ ff 

Wahl — zinc dust, valuation of, 300, 920 
W^er^ — copper in slags, colorimetric estima- 
tion of, 182^ 

Walters, M. E., and O. L. Affeidcr— -bronzes 
and bearing metals, rapid analysis of, 211 
Wangerin, A., and D. Vorlrinder — indigotin, 
estimation of, 1141 

Watsdh — sulphur in iron ores, volumetric 
determination of, 38 

Watts— silicon, determination of, in iron or 
steel, 45 

Wdowischewski, G. W,— -titanium in ferro* 
c {Jtanium, det<irmination df, 47 
^ Wdowiszevvski — iron, volumetric determination 
of, by stannous chloride, 32 
nickef in iron or steel, determination of, 67 
f tungsten in steels, determination of, 74 


Weber, H. Ointz, E., 354 
Weber— imitatio%goid allojjs, detcctioi^ of, 144 
Wedemeyer, K.— digestible albuminoids in 
feeding stuffs, determination of, 45 x 
Weegider— crude fibre in feeding stuffs, deter- 
mination of, 451 * 

Weidenbusch — determination ofi^the 
binding power of, 546 # 

Weiffenbach— Whistling squibs, mixlure for, 

WeintrauS. See Lunge, 501 
Wenc^iius, A. — aluminium in iron ore, deter- 
mination of, I X 

Weyl, F.— copper, determination of, by means 
of stannous chloride, I77 
Wheeler, See Bone, 65a 
Whit#, A. H., and S, Ball— ni^phthalene in 
tar, estimation of, 803 


Whittakei;. C. fl.— blark-<lyrd'cotton, 
tionof, ni; 

Wiborgh— iron ore;;, reduribiliiv 39 

sulphur ^iii %onf color imclric^ktermitta lion 

Wiernik, Lunge, 742 ^ ^ 

Wilcox. F. A. AV jonesa^lL W., 580 
Wirra^rth — nitrogen by Kjeldahi’^^iiethriii/ 

^ estimation td, 375 

Wilkie, J. i^l^4phcnol, detection of, 822 ^ 

^phenol, detXiuin.itiuifcof, 826 
^ Will, W,— trq>iosivcf4, t|piA?nitative slalahty lest 
for, <521 

Williams, W. J.— cellulose ilf" rutrocelliihne, 
fc** determhiition of imnitratn^*, 502 
picric acid am! pLrates, deter mityitioTs 
' . nit?ogen in, 508 ** 

W^Ilott, h\ J. .S>f’ 8eliym.an, R., 301 , 

I Wimmen.iu^r.K,— Ikmtuh, iLa 

mination of. 253 m ^ 

Winkler, C.—rarifon monoxide in co;d 

soluiinn for ah;, orbing. 1^36 
Winkler, L. W,«,.-.i oxygen atid nilrogfai, noIu- 
bility of, in water, ^47 
Witter, gold itssay*;, influrnre of 

ture on the accuracy of, 137 Pf 

kad, analy’sis of harti, 235 ' 
lead oresiy assay 221 _ 

nickel and ndwU, detcrininuiion or^r 

containiirg much maiigancLe, 311 
tin slags, analyris of, 366 
tin waste and ashes, analyris of. 265 
Wittstein — ammonia Sidution, detection of 
tarry matters organic bases tn, 743 
Wolff, P.— calcium carbide, trampling, §89 
Wolff— ferric .sulphate Holutions of different 
strengths, speeme gravities of, 361 
manganese in iron ores, determination of, 15 
manganese in iron ores, voltiiiic^ic deter- 
mination oh 34 

manganese in iron or steel, volume irie 
determmatiun of, 60 

Wright, L. IL— copper pliosphate absnrl^ent 
for sulphuretted rijalrogen, 666 
Wiirtfi— oil gas tar, constituents of, 756 
Wiist— carbon in iron or uteel, bailiugdlask for 
use in determining, 51 ^ 

Young, S.— benzol, fractionating columns for, 
787,788 ^ 

Voting, S. WL— stannous cliloridc, litratioa of, 

With iodine in acid solution, 368 

pNKER, w*— indigo, estimation of, ttu 
Zeisel — methyl alcohol in formaldehyde, 
estimation of. gi£ 

Zeitter, E, See Vanino, L., 907 
Ziegler, A,— aluminitm in iron or steel, deter- 
mination of, 69 m* * 

9fsromium^ in steel, determina*on ef, 70 * 

copper in iron, determination ofj 78^ 
Zimiflermann, M. R. MOliku, R., 1136, 

1156 ’ ^ 


Whitehead, C.-go!d, recovery of, iron, gold .Zubelen, J.—logwood extratti, valurfflon of.* 

cblftnrf# fifthitmn Tjfn • i » » 


chloride solution, 140 

and T. Ulke — assay lead, treatment of, 108 
gold-silver alloys, analysis of, 142 


Zulftowski— chromium in iron or steel, volu^ 
metric determination of, 7 a • 
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